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(57) ABSTRACT 
A temperature controlled oscillator includes an oscillation 
unit and a filter unit. The oscillation unit is configured to 
generate at least one reference Voltage based on a Supply 
Voltage and a ground Voltage, and to generate an oscillation 
signal having a period varying according to a temperature, the 
oscillation unit configured to generate the oscillation signal 
based on a filter Voltage and the at least one reference Voltage. 
The filter unit is configured to generate the filter voltage based 
on the oscillation signal. 
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US 9, 191015 B2 
1. 

TEMPERATURE CONTROLLED 
OSCILLATOR AND TEMPERATURE SENSOR 

INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 USC S 119 to 
Korean Patent Application No. 2013-0006317, filed on Jan. 
21, 2013, in the Korean Intellectual Property Office (KIPO), 
the contents of which are herein incorporated by reference in 
their entirety. 

BACKGROUND 

1. Technical Field 
Example embodiments relate generally to semiconductor 

integrated circuits, and more particularly to temperature con 
trolled oscillators and temperature sensors including the 
SaC. 

2. Description of the Related Art 
A system-on-chip (SoC) refers to a chip that integrates 

several semiconductor components therein, or a system inte 
grated into the chip. As the degree of integration of the SoC is 
improved, a larger number of components are integrated into 
one chip, and the operating speed of the SoC is gradually 
increased. As the degree of integration and the operating 
speed of the SoC are increased, a greater amount of heat may 
be emitted within the SoC, and the temperature difference 
may be locally made within the SoC according to the operat 
ing conditions thereof. Accordingly, recently, the local tem 
perature management or the local thermal monitor (LTM) of 
the SoC has been required. 

SUMMARY 

Accordingly, inventive concepts are provided to Substan 
tially obviate one or more problems due to limitations and 
disadvantages of the related art. 
Some example embodiments provide a temperature con 

trolled oscillator which can accurately and effectively gener 
ate an oscillation signal and can be implemented in a smaller 
and simpler configuration. 
Some example embodiments provide a temperature sensor 

which can accurately detect temperature variation and can be 
implemented in a Smaller and simpler configuration by 
employing the temperature controlled oscillator therein. 

According to an example embodiment, a temperature con 
trolled oscillator includes an oscillation unit and a filter unit. 
The oscillation unit generates at least one reference Voltage 
based on a Supply Voltage and a ground Voltage, and generates 
an oscillation signal having a period varying according to a 
temperature, the oscillation unit configured to generate the 
oscillation signal based on a filter Voltage and the at least one 
reference voltage. The filter unit generates the filter voltage 
based on the oscillation signal. The filter unit including an 
on-chip metal resistor and a capacitor. The on-chip metal 
resistor has a first terminal connected with a first node, the 
on-chip metal resistor having a resistance value that varies 
according to the temperature. The capacitor has a first termi 
nal connected with the first node, and configured to be 
charged or discharged based on the oscillation signal to Sup 
ply the filter voltage. 
The oscillation unit is configured to increase the period of 

the oscillation signal if the temperature is increased, and 
decrease the period of the oscillation signal if the temperature 
is decreased. 
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2 
The oscillation unit may include a first resistor, a second 

resistor, a comparator and a third resistor. The first resistor 
may be connected between the Supply Voltage and a second 
node. The second resistor may be connected between the 
second node and the ground Voltage. The comparator may 
include a first input terminal connected with the first node, a 
second input terminal connected with the second node, and an 
output terminal configured to output the oscillation signal. 
The third resistor may be connected between the second node 
and the output terminal of the comparator. A second terminal 
of the on-chip metal resistor may be connected with the 
output terminal of the comparator. 
The oscillation unit is configured to generate a Voltage at 

the second node as a first reference voltage, the first reference 
Voltage may have one of a first reference level and a second 
reference level lower than the first reference level according 
to a level of the filter Voltage, and the oscillation unit is 
configured to activate the oscillation signal if the level of the 
filter voltage is higher than the first reference level or the level 
of the filter voltage is lower than the second reference level. 
The filter unit may further include an amplification block 

including a first terminal connected with a second terminal of 
the capacitor, a second terminal connected with the ground 
Voltage, and a third terminal connected with the first node. 
The oscillation unit may include a reference Voltage gen 

eration block, an output block and a latch block. The refer 
ence Voltage generation block may generate a first reference 
Voltage and a second reference Voltage in response to the 
Supply Voltage and the ground Voltage. The output block may 
generate the oscillation signal based on the first reference 
voltage, the second reference voltage, the filter voltage, and a 
start signal. The latch block may latch and output the oscil 
lation signal. A second terminal of the on-chip metal resistor 
may be connected with an output terminal of the latch block. 
The reference Voltage generation block may include a first 

resistor, a second resistoranda third resistor. The first resistor 
may be connected between the Supply Voltage and a second 
node. The second resistor may be connected between the 
second node and a third node. The third resistor may be 
connected between the third node and the ground Voltage. A 
Voltage at the second node may be s the first reference Voltage, 
and a Voltage at the third node may be the second reference 
Voltage. 
The output block may include a first comparator, a second 

comparator, a first NOR gate, an inverter and a second NOR 
gate. The first comparator may include a first input terminal 
configured to receive the first reference Voltage, a second 
input terminal connected with the first node, and an output 
terminal configured to output a first comparative signal. The 
second comparator may include a first input terminal con 
nected with the first node, a second input terminal configured 
to receive the second reference Voltage, and an output termi 
nal configured to output a second comparative signal. The 
first NOR gate may perform a NOR operation with respect to 
the first comparative signal and the second comparative sig 
nal. The inverter may invert the start signal. The second NOR 
gate may perform a NOR operation with respect to an output 
signal from the first NOR gate and an output signal from the 
inverter to generate the oscillation signal. 
The oscillation unit activates the oscillation signal if a level 

of the filter voltage is higher than a level of the first reference 
voltage or lower than a level of the second reference voltage. 
The latch block may include a flip-flop including a clock 

terminal configured to receive the oscillation signal, an output 
terminal connected with the on-chip metal resistor, and a data 
terminal connected with an inverting output terminal. 
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According to an example embodiment, a temperature con 
trolled oscillator include an oscillation unit and a filter/fre 
quency adjusting unit. The oscillation unit generates at least 
one reference Voltage based on a Supply Voltage and a ground 
Voltage, and generates an oscillation signal having a period 
that varies according to a temperature, the oscillation unit 
configured to generate the oscillation signal based on a filter 
Voltage and the at least one reference Voltage. An adjusting 
unit generates the filter Voltage based on the oscillation signal 
and adjusts the period of the oscillation signal based on a 
correction control signal to remove an offset error included in 
the oscillation signal due to a parasitic delay of the oscillation 
unit. 

The oscillation unit is configured to generate the oscillation 
signal including a first duration having a first period and a 
second duration having a second period longer than the first 
period, alternately repeated, and a number of first oscillation 
pulses for the first duration may be equal to a number of 
second oscillation pulses for the second duration. 
The adjusting unit may include a first on-chip metal resis 

tor, a second on-chip metal resistor, a select block and a 
capacitor. The first on-chip metal resistor may be connected 
between a first node and a second node, the first on-chip metal 
resistor have a resistance value that varies according to the 
temperature. The second on-chip metal resistor may be con 
nected between the second node and a third node, the second 
on-chip metal resistor have a resistance value that varies 
according to the temperature. The select block may electri 
cally connect one of the second node and the third node with 
an output terminal of the oscillation unit in response to the 
correction control signal. The capacitor may have a first ter 
minal connected with the first node and configured to be 
charged or discharged based on the oscillation signal and the 
correction control signal to Supply the filter Voltage. 
The first on-chip metal resistor and the second on-chip 

metal resistor may have a same resistance value, and the 
oscillation unit is configured to generate a first period and a 
second period of the oscillation signal based on the same 
resistance value. 
The adjusting unit may include an on-chip metal resistor, a 

first capacitor, a second capacitor and a select block. The 
on-chip metal resistor may have a first terminal connected 
with a first node, the on-chip metal resistor having a resistance 
value that varies according to the temperature. The first 
capacitor may have a first terminal connected with the first 
node configured to be charged or discharged based on the 
oscillation signal to Supply the filter Voltage. The second 
capacitor may have a first terminal connected with the first 
node. The select block may selectively connect a second 
terminal of the first capacitor with a second terminal of the 
second capacitor in response to the correction control signal. 
The first capacitor and the second capacitor may have a 

same capacitance, and the oscillation unit configured togen 
erate a first period and a second period of the oscillation signal 
based on the same capacitance. 

The adjusting unit may include a first on-chip metal resis 
tor, a second on-chip metal resistor, a select block and a 
capacitor. The first on-chip metal resistor may have a first 
terminal connected with a first node, the first on-chip metal 
resistor having a resistance value that varies according to the 
temperature. The second on-chip metal resistor may be con 
nected between the first node and a second node, the second 
on-chip metal resistor having a resistance value that varies 
according to the temperature. The select block may electri 
cally connect one of the first node and the second node with a 
third node in response to the correction control signal. The 
capacitor may have a first terminal connected with the third 
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4 
node and configured to be charged or discharged based on the 
oscillation signal and the correction control signal to Supply 
the filter voltage. 

According to an example embodiment, a temperature sen 
sor includes a temperature controlled oscillator and an ana 
log-digital conversion circuit. The temperature controlled 
oscillator generates an oscillation signal having a period that 
varies according to a temperature of the oscillator. The ana 
log-digital conversion circuit generates a digital output signal 
corresponding to the temperature based on the oscillation 
signal and a reference oscillation signal. The temperature 
controlled oscillator includes an oscillation unit and a filter 
unit. The oscillation unit generates at least one reference 
Voltage based on a Supply Voltage and a ground Voltage, and 
generates the oscillation signal based on a filter Voltage and 
the at least one reference voltage. The filter unit generates the 
filter voltage based on the oscillation signal. The filter unit 
includes an on-chip metal resistor and a capacitor. The on 
chip metal resistor has a first terminal connected with a first 
node, the on-chip metal resistor having a resistance value that 
varies according to the temperature. The capacitor has a first 
terminal connected to the first node, and is configured to be 
charged or discharged based on the oscillation signal to Sup 
ply the filter voltage. 
The analog-digital conversion circuit may include a local 

oscillator, a counter, a divider and a difference unit. The local 
oscillator may generate the reference oscillation signal. The 
counter may generate a sequentially increasing count 
increased based on the reference oscillation signal. The 
divider may generate a division signal by dividing the oscil 
lation signal. The difference unit may generate the digital 
output signal by obtaining a count value of the count signal at 
every rising edge or every falling edge of the division signal. 
The analog-digital conversion circuit may include a local 

oscillator, a divider, a counter and a register. The local oscil 
lator may generate the reference oscillation signal. The 
divider may generate a division signal by dividing the oscil 
lation signal. The counter may generate a sequentially 
increasing count signal based on the reference oscillation 
signal. The register may generate the digital output signal by 
obtaining a count value of the count signal at every rising edge 
or every falling edge of the division signal. 
The analog-digital conversion circuit may include a local 

oscillator, a divider, a counter and a register. The local oscil 
lator may generate the reference oscillation signal. The 
divider may generate a division signal by dividing the refer 
ence oscillation signal. The counter may generate a sequen 
tially increasing count signal based on the oscillation signal. 
The register may generate the digital output signal by obtain 
ing a count value of the count signal at every rising edge or 
every falling edge of the division signal. 

According to an example embodiment, a temperature sen 
sor includes a temperature controlled oscillator and an ana 
log-digital conversion circuit. The temperature controlled 
oscillator generates an oscillation signal having a period that 
varies according to a temperature of the oscillator and adjusts 
the period of the oscillation signal based on a correction 
control signal. The analog-digital conversion circuit gener 
ates a first digital output signal corresponding to the tempera 
ture, and generates the correction control signal based on the 
oscillation signal and a reference oscillation signal. The tem 
perature controlled oscillator includes an oscillation unit and 
a adjusting unit. The oscillation unit generates at least one 
reference Voltage based on a Supply Voltage and a ground 
Voltage, and generates the oscillation signal based on a filter 
Voltage and the at least one reference Voltage. The adjusting 
unit generates the filter Voltage based on the oscillation signal 
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and adjusts the period of the oscillation signal based on the 
correction control signal to remove an offset error included in 
the oscillation signal due to a parasitic delay of the oscillation 
unit. 

The analog-digital conversion circuit may include a local 
oscillator, a counter, a first divider, a first difference unit, a 
second difference unit and a second divider. The local oscil 
lator may generate the reference oscillation signal. The 
counter may generate a sequentially increasing count signal 
based on the reference oscillation signal. The first divider may 
generate a division signal based on the oscillation signal. The 
first difference unit may generate a second digital output 
signal by obtaining a count value of the count signal at every 
rising edge or every falling edge of the division signal. The 
second difference unit may generate the first digital output 
signal by obtaining a value of the second digital output signal 
at every rising edge or every falling edge of the division 
signal. The second divider may generate the correction con 
trol signal by dividing the division signal. 

The temperature sensor may further include again correc 
tion circuit. The gain correction circuit is configured to 
remove the offset error and a gain error and generate the 
second digital output signal, based on the first digital output 
signal and a reference output signal. 
The gain correction circuit may include a first operation 

unit, a storage unit and a second operation unit. The first 
operation unit may calculate again correction value by divid 
ing the reference output signal by the first digital output 
signal. The storage unit may store the gain correction value. 
The second operation unit may generate the second digital 
output signal by multiplying the first digital output signal by 
the gain correction value. 
As described above, the temperature controlled oscillator 

according to example embodiments includes the on-chip 
metal resistor So the temperature controlled oscillator may 
have a smaller and simpler configuration and can accurately 
and effectively generate the oscillation signal having the 
period proportional to the temperature. In addition, the tem 
perature controlled oscillator can adjust the period of the 
oscillation signal based on the correction control signal in 
order to effectively remove the offset error from the oscilla 
tion signal. 
As described above, the temperature sensor according to 

example embodiments includes the temperature controlled 
oscillator having the on-chip metal resistor, so the tempera 
ture sensor may have a smaller and simpler configuration and 
can accurately and effectively generate the digital output 
signal proportional to the temperature. In addition, the tem 
perature sensor can improve the accuracy and the reliability 
of the digital output signal by removing the offset error 
caused by parasitic delay and/or the gain error caused by RC 
variation. 

In at least one example embodiment, a system-on-chip 
(SoC) includes an oscillator configured to generate an oscil 
lation signal having a period proportional to a temperature of 
the oscillator, the oscillator including, a filter including at 
least one on-chip resistor, the at least one on-chip resistor 
configured such that a resistance of the at least one on-chip 
resistor is based on the temperature, the filter configured to 
generate a filter Voltage based on the resistance of the at least 
one on-chip resistor, and an oscillation unit configured to 
generate the oscillation signal based on the filter Voltage. 
The at least one on-chip resistor may be metal. 
The oscillation unit may include a comparator configured 

to compare the filter Voltage and a reference Voltage and 
output the oscillation signal based on the comparison. 
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6 
The oscillation unit may include first, second and third 

resistors connected together at a common node, the reference 
Voltage being based on resistances of the first, second and 
third resistors, respectively. 
The filter may include first and second on-chip resistors, 

resistances of the first and second on-chip resistors, respec 
tively, are based on the temperature, and the filter is config 
ured to generate the filter Voltage based on the resistances of 
the first and second on-chip resistors. 
The first and second on-chip resistors may be metal. 
The filter may include a selector configured to connect an 

output of the oscillation signal to the filter based on a correc 
tion control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Illustrative, non-limiting example embodiments will be 
more clearly understood from the following detailed descrip 
tion taken in conjunction with the accompanying drawings. 

FIG. 1 is a diagram illustrating a temperature controlled 
oscillator according to at least one example embodiment. 

FIG. 2 is a circuit diagram illustrating one example of the 
temperature controlled oscillator of FIG. 1. 

FIG. 3 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 2. 

FIG. 4 is a circuit diagram illustrating another example of 
the temperature controlled oscillator of FIG. 1. 

FIG.5 is a circuit diagram illustrating still another example 
of the temperature controlled oscillator of FIG. 1. 

FIG. 6 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 5. 

FIGS. 7 and 8 are circuit diagrams illustrating still yet other 
examples of the temperature controlled oscillator of FIG. 1. 

FIG. 9 is a diagram illustrating a temperature controlled 
oscillator according to example embodiments. 

FIG. 10 is a circuit diagram illustrating one example of the 
temperature controlled oscillator of FIG. 9. 

FIG. 11 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 10. 

FIG. 12 is a circuit diagram illustrating another example of 
the temperature controlled oscillator of FIG. 9. 

FIG. 13 is a circuit diagram illustrating still another 
example of the temperature controlled oscillator of FIG. 9. 

FIG. 14 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 13. 

FIG. 15 is a circuit diagram illustrating still yet another 
example of the temperature controlled oscillator of FIG. 9. 

FIG.16 is a block diagram illustrating a temperature sensor 
according to at least one example embodiment. 

FIG. 17 is a timing diagram illustrating the operation of the 
temperature sensor of FIG. 16. 

FIG. 18 is a block diagram illustrating a temperature sensor 
according to at least one example embodiment. 

FIG. 19 is a timing diagram illustrating the operation of the 
temperature sensor of FIG. 18. 

FIG.20 is a block diagram illustrating a temperature sensor 
according to at least one example embodiment. 

FIG. 21 is a waveform illustrating the operation of the 
temperature sensor of FIG. 20. 

FIG.22 is a block diagram illustrating a temperature sensor 
according to at least one example embodiment. 

FIG. 23 is a waveform illustrating the operation of the 
temperature sensor of FIG. 22. 

FIG.24 is a block diagram illustrating a temperature sensor 
according to at least one example embodiment. 

FIG.25 is a graph to explain the operations of the tempera 
ture sensors of FIGS. 16, 22, and 24. 



US 9, 191015 B2 
7 

FIG. 26 is a block diagram illustrating an integrated circuit 
according to at least one example embodiment. 

FIG. 27 is a block diagram illustrating a System-on-Chip 
including the temperature sensor according to at least one 
example embodiment. 

FIG. 28 is a block diagram illustrating a memory system 
including the temperature sensor according to at least one 
example embodiment. 

FIG. 29 is a block diagram illustrating a display system 
including the temperature sensor according to at least one 
example embodiment. 

FIG. 30 is a block diagram illustrating an image sensor 
including the temperature sensor according to at least one 
example embodiment. 

FIG.31 is a block diagram illustrating an example that the 
temperature sensor according to at least one example embodi 
ment is applied to a mobile system. 

FIG. 32 is a block diagram illustrating an example that the 
temperature sensor according to at least one example embodi 
ment is applied to a computing system. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

Various example embodiments will be described more 
fully with reference to the accompanying drawings, in which 
embodiments are shown. Inventive concepts may, however, 
be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclo 
sure will be thorough and complete, and will fully convey the 
scope of inventive concepts to those skilled in the art. Like 
reference numerals refer to like elements throughout this 
application. 

It will be understood that, although the terms first, second, 
etc. may be used herein to describe various elements, these 
elements should not be limited by these terms. These terms 
are used to distinguish one element from another. For 
example, a first element could be termed a second element, 
and, similarly, a second element could be termed a first ele 
ment, without departing from the scope of inventive concepts. 
As used herein, the term “and/or includes any and all com 
binations of one or more of the associated listed items. 

It will be understood that when an element is referred to as 
being “connected' or “coupled to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, when an element 
is referred to as being “directly connected' or “directly 
coupled to another element, there are no intervening ele 
ments present. Other words used to describe the relationship 
between elements should be interpreted in a like fashion (e.g., 
“between versus “directly between.” “adjacent versus 
“directly adjacent, etc.). 
The terminology used herein is for the purpose of describ 

ing particular embodiments and is not intended to be limiting 
of inventive concepts. As used herein, the singular forms 'a. 
“an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises.” “comprising.” 
“includes and/or “including, when used herein, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which inventive concepts belong. It will be further under 
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8 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 

FIG. 1 is a diagram illustrating a temperature controlled 
oscillator according to at least one example embodiment. 

Referring to FIG. 1, a temperature controlled oscillator 
(TCO) 100 includes an oscillation unit 120 and a filter unit 
140. 
The oscillation unit 120 generates at least one reference 

Voltage based on a Supply Voltage VDD and a ground Voltage 
VSS, and generates an oscillation signal OSC based on a filter 
voltage VF and at least one reference voltage. The oscillation 
signal OSC has a period varying depending on temperature 
variation. 

In one example embodiment, the period of the oscillation 
signal OSC is increased if the temperature is increased, and 
decreased if the temperature is decreased. In other words, the 
period of the oscillation signal OSC may be proportional to 
the temperature. In another example embodiment, the period 
of the oscillation signal OSC may be decreased if the tem 
perature is increased, and may be increased if the temperature 
is decreased. 
The filter unit 140 generates the filter voltage VF based on 

the oscillation signal OSC. The filter unit 140 may be imple 
mented in the form of an RC filter including at least one 
resistor and at least one capacitor. For example, the filter unit 
140 may include a first order low pass filter (LPF) including 
one resistor and one capacitor. In this case, a first terminal of 
the resistor and a first terminal of the capacitor are connected 
with a first node to which the filter voltage VF is applied. A 
node connected with a second terminal of the resistor and a 
node connected with a second terminal of the capacitor may 
be variously changed according to example embodiments. In 
addition, a resistor Rincluded in the filter unit 140 may bean 
on-chip metal resistor Rincluding metal, which is integrated 
on a semiconductor Substrate together with a circuit and/or a 
system including the temperature controlled oscillator 100. 
The temperature controlled oscillator 100 according to 

example embodiments includes the on-chip metal resistor R. 
When comparing with a different material Such as polycrys 
tal, the resistance value of the metal has a Superior linearity, so 
that the temperature controlled oscillator 100 can accurately 
and effectively generate the oscillation signal OSC having a 
period proportional to the temperature. In addition, as the 
resistor R is integrated on the substrate together with the 
circuit and/or the system, the temperature controlled oscilla 
tor 100 has the smaller and simpler configuration. In addition, 
the temperature controlled oscillator can be implemented at 
the lower manufacturing cost. 

Hereinafter, various example embodiments of a tempera 
ture controlled oscillator will be described in more detail. 

FIG. 2 is a circuit diagram illustrating one example of the 
temperature controlled oscillator of FIG. 1. 

Referring to FIG. 2, a temperature controlled oscillator 
100a includes an oscillation unit 120a and a filter unit 140a. 
The filter unit 14.0a includes an on-chip metal resistor R. 

and a capacitor C. The on-chip metal resistor R has a first 
terminal connected with a first node N11, and a second ter 
minal connected with an output terminal of the oscillation 
unit 120a (i.e., an output terminal of a comparator COM). The 
on-chip metal resistor R has a resistance value linearly vary 
ing depending on the temperature variation. The capacitor C 
has a first terminal connected with the first node N11, and a 
second terminal connected with ground voltage VSS. The 
capacitor C is charged or discharged based on the oscillation 
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signal OSC to supply filter voltage VF. The voltage at the first 
node N11 may serve as the filter voltage VF. 
The oscillation unit 120a may include a first resistor R1, a 

second resistor R2, the comparator COM, and a third resistor 
R3. The first resistor R1 may be connected between supply 
voltage VDD and a second node NA. The second resistor R2 
may be connected between the second node NA and the 
terminal of the ground voltage VSS. The voltage at the second 
node NA may serve as a first reference Voltage. The compara 
tor COM may include a first input terminal connected with the 
first node N11 to receive the filter voltage VF, a second input 
terminal connected with the second node NA to receive the 
first reference Voltage, and the output terminal to output the 
oscillation signal OSC. The third resistor R3 may be con 
nected between the second node NA and the output terminal 
of the comparator COM. The number of resistors included in 
the oscillation unit 120a and the ratio between the resistance 
values may be variously changed according to the example 
embodiments. 

FIG. 3 is a timing diagram illustrating the operation of the 
temperature controlled oscillator 100a of FIG. 2. 

Referring to FIGS. 2 and 3, the first reference voltage may 
have a first reference level VR1 or a second reference level 
VR2 which is lower than the first reference level VR1. The 
first and second reference levels VR1 and VR2 may be deter 
mined depending on the resistance values of the first to third 
resistors R1 to R3. For example, when the ratio among the 
resistance value of the first resistor R1, the resistance value of 
the second resistor R2, and the resistance value of the third 
resistor R3 is about 2:2:1, the first reference levelVR1 may be 
about VDDX3/4, and the second reference level VR2 may be 
about VDD/4. The first and second reference levels VR1 and 
VR2 may be variously changed. 
The temperature controlled oscillator 100a may operate in 

a stable state. The capacitor C is charged to the first reference 
level VR1 through the on-chip metal resistor RT. As soon as 
the voltage across the capacitor C (i.e., the filter voltage VF) 
reaches the first reference level VR1, the capacitor C starts to 
be discharged. The capacitor C may be discharged until the 
Voltage across the capacitor C reaches the second reference 
level VR2. As soon as the voltage across the capacitor C 
reaches the second reference level VR2, the capacitor C starts 
to be charged again. The capacitor C may be charged until the 
voltage across the capacitor Creaches the first reference level 
VR1. In this case, since parasitic delay (or loop delay) exists 
due to the oscillation unit 120a, particularly the comparator 
COM, even if the filter voltage VF reaches the first reference 
level VR1, the capacitor C is further charged by the delay 
time. In addition, even if the filter voltage VF reaches the 
second reference level VR2, the capacitor C may be further 
discharged by the delay time. The parasitic delay may corre 
spond to delay between the input and the output of the com 
parator COM. 

In detail, as the capacitor C is charged, the filter voltage VF 
is exponentially increased to the first reference level VR1. 
Even though the filter voltage VF reaches the first reference 
level VR1 at time t1, the filter voltage VF is further increased 
during the delay time t, after the time t1 due to the parasitic 
delay of the oscillation unit 120a. After the delay time t, has 
elapsed, the capacitor C starts to be discharged at time t2, and 
the filter Voltage VF is exponentially decreased to the second 
reference level VR2. Even though the filter voltage VF 
reaches the second reference level VR2 at time ta, the filter 
voltage VF is further decreased during the delay time t, after 
the time ta due to the parasitic delay of the oscillation unit 
120a. After the delay time t, has elapsed, the capacitor C 
starts to be charged at time t5. In this case, the oscillation 
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10 
signal OSC is activated or deactivated according to the com 
parative operation of the comparator COM, and is activated 
when the level of the filter voltage VF is higher than the first 
reference level VR1 (e.g., for the duration between time t1 to 
t3), or lower than the second reference level VR2 (e.g., for the 
duration between time ta to té). 

Meanwhile, in the first order LPF including one resistor 
and one capacitor, the response characteristic of the filter 
depends on a time constant based on the resistance value of 
the resistor and the capacitance of the capacitor. According to 
the first order LPF, time t required until the output voltage of 
the filter reaches specific Voltage V may satisfy following 
Equation 1. The period t of the oscillation signal OSC 
generated from the temperature controlled oscillator 100a 
may be expressed as following Equation 2, based on follow 
ing Equation 1 and the delay time t caused by the parasitic 
delay of the oscillation unit 120a. 

t V, = V DD(1- e Ric) Equation 1 

t 

iOSC 2R, Cinae RFC 1) 
= 2RTCIn3 

Equation 2 

(when RFC >> t.) 

In Equation 1. R. and C represent the resistance value of 
the resistor and the capacitance of the capacitor, which typi 
cally constitute the first order LPF, respectively. In Equation 
2, Rand C represent the resistance value of the on-chip metal 
resistor R and the capacitance of the capacitor C, which 
constitute the filter unit 14.0a of the temperature controlled 
oscillator 100a. 
The temperature controlled oscillator 100a generates the 

oscillation signal OSC having the period proportional to the 
resistance value of the on-chip metal resistor R. As described 
above, since the resistance value of the on-chip metal resistor 
R has the superior linearity with respect to the temperature 
variation, the temperature controlled oscillator 100a may 
generate the oscillation signal OSC having the period more 
exactly proportional to the temperature. 

FIG. 4 is a circuit diagram illustrating another example of 
a temperature controlled oscillator of FIG. 1. 

Referring to FIG. 4, a temperature controlled oscillator 
100b includes the oscillation unit 120a and a filter unit 140b. 

Since the temperature controlled oscillator 100b of FIG. 4 
is substantially identical to the temperature controlled oscil 
lator 100a of FIG. 2 except that the filter unit 140b has a 
modified configuration, and operates as illustrated in FIG. 3, 
the details thereof will be omitted in order to avoid redun 
dancy. 
The filter unit 140b includes an on-chip metal resistor R. 

and a capacitor C, and may further include an amplification 
block 142b. The on-chip metal resistor R has a first terminal 
connected with a first node N11, and a second terminal con 
nected with an output terminal of a comparator COM. The 
capacitor C has a first terminal connected with the first node 
N11 and a second terminal connected with a first terminal A 
of the amplification block 142b. The amplification block 
142b may include the first terminal A connected with the 
second terminal of the capacitor C, a second terminal B 
connected with the terminal of ground voltage VSS, and a 
third terminal O connected with the first node N11. 
The relationships among Voltages V, V, and V and 

currents i. i., and it of the ports A, B, and C of the amplifi 
cation block 142b satisfy following Equation 3, and the 
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equivalent capacitance C between the amplification block 
142b and the capacitor C may satisfy following Equation 4. 

Equation 3 WB 
iA 

io Vo 

C = (1 + k)C Equation 4 

In above Equation 3 and Equation 4, k represents a real 
number. 
The Mille Effect, in which the capacitance of the capacitor 

C is multiplied, may occur due to the amplification block 
142b. The filter unit 140b is implemented to include a Miller 
capacitor including the capacitor C and the amplification 
block 142b, thereby reducing the area of the filter unit 140b 
and the size of the temperature controlled oscillator 100b. 

FIG.5 is a circuit diagram illustrating still another example 
of the temperature controlled oscillator of FIG. 1. 

Referring to FIG. 5, a temperature controlled oscillator 
100C includes an oscillation unit 120c and a filter unit 140c. 
The filter unit 140c includes an on-chip metal resistor R. 

and a capacitor C. The on-chip metal resistor R has a first 
terminal connected with a first node N21, and a second ter 
minal connected with an output terminal of a latch block 126. 
The on-chip metal resistor R has a resistance value linearly 
varying depending on temperature variation. The capacitor C 
has a first terminal connected with the first node N21 and a 
second terminal connected with the terminal of ground Volt 
age VSS. The capacitor C is charged or discharged based on 
an oscillation signal OSC to supply filter voltage VF. The 
voltage at the first node N21 may serve as the filter voltage VF. 
The oscillation unit 120c may include a reference voltage 

generation block 122, an output block 124, and the latchblock 
126. The reference voltage generation block 122 may gener 
ate first reference Voltage and second reference Voltage in 
response to supply voltage VDD and ground voltage VSS. 
The output block 124 may generate the oscillation signal 
OSC based on the first reference voltage, the second reference 
voltage, the filter voltage VF, and a start signal ST. The latch 
block 126 may latch and output the oscillation signal OSC. 

The reference Voltage generation block 122 may include a 
first resistor R4, a second resistor R5, and a third resistor R6. 
The first resistor R4 may be connected between the supply 
voltage VDD and a second node NB. The second resistor R5 
may be connected between the second node NB and a third 
node NC. The third resistor R6 may be connected between the 
third node NC and the terminal of the ground voltage VSS. 
The voltage at the second node NB may serve as the first 
reference voltage, and the voltage at the third node NC may 
serve as the second reference voltage. The number of resistors 
included in the reference voltage generation block 122 and 
the ratio among the resistance values may be variously 
changed according to the example embodiments. 
The output block 124 may include a first comparator 

COM1, a second comparator COM2, a first NOR gate NOR1, 
an inverter INV, and a second NOR gate NOR2. The first 
comparator COM1 may include a first input terminal con 
nected with the second node NB to receive the first reference 
Voltage, a second input terminal connected with the first node 
N21 to receive the filter voltage VF, and an output terminal to 
output a first comparative signal CS1 resulting from the com 
parison of the first reference voltage with the filter voltage VF. 
The second comparator COM2 may include a first terminal 
connected with the first node N21 to receive the filter voltage 
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12 
VF, a second input terminal connected with the third node NC 
to receive the second reference Voltage, and an output termi 
nal to output a second comparative signal CS2 resulting from 
the comparison of the second reference voltage with the filter 
voltage VF. The first NOR gate NOR1 may perform a NOR 
operation for the first and second comparative signals CS1 
and CS2. The inverter INV may invert and output the start 
signal ST. The second NOR gate NOR2 performs a NOR 
operation for an output signal of the first NOR gate NOR1 and 
an output signal of the inverter INV to generate the oscillation 
signal OSC. The output block 124 may have various configu 
rations according to example embodiments. 
The latch block 126 may include a flip-flop FF. The flip 

flop FF may include a clock terminal to receive the oscillation 
signal OSC, an output terminal Q connected with the second 
terminal of the on-chip metal resistor RT, and a data terminal 
D connected with an inverted output terminal/Q. Since the 
data terminal D is connected with the inverted output termi 
nal/Q, the signal output from the output terminal Q of the 
flip-flop FF may be toggled at every rising edge of the oscil 
lation signal OSC applied to the clock terminal Q. Although 
FIG. 5 illustrates that the flip-flop FF is a D flip-flop, various 
types offlip-flops may be employed according to the example 
embodiments. 

FIG. 6 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 5. 

Referring to FIGS.5 and 6, the level (i.e., the first reference 
level VR1) of the first reference voltage may be higher than 
the level (i.e., the second reference level VR2) of the second 
reference voltage. The first and second reference levels VR1 
and VR2 may be determined depending on resistance values 
of the first to third resistors R4 to R6. For example, when the 
ratio among the first resistor R4, the second resistor R5, and 
the third resistor R6 is about 1:2:1, the first reference level 
VR1 may be about VDDX3/4, and the second reference level 
VR2 may be about VDD/4. The first and second reference 
levels VR1 and VR2 may be variously changed according to 
example embodiments. 
The temperature controlled oscillator 100c may be driven 

only when the start signal ST is activated. For example, at 
time ta, the start signal ST is activated, so that the oscillation 
signal OSC is activated. At time th, the capacitor C starts to be 
charged. At time tc, the Voltage (i.e., filter Voltage VF) across 
the capacitor C becomes higher than the second reference 
level VR2, and the oscillation signal OSC is deactivated. 
The operation of the temperature controlled oscillator 100c 

after the time tc may be substantially identical to the operation 
described with reference to FIG. 3. For example, as the 
capacitor C is charged, the filter voltage VF is exponentially 
increased to the first reference level VR1. Even though the 
filter voltage VF reaches the first reference level VR1 at time 
t1, the filter voltage VF is further increased during the delay 
time t, after the time t1 due to the parasitic delay (i.e., the 
parasitic delay caused by the comparators COM1 and COM2. 
the logic devices NOR1, NOR2, and INV, and the flip-flop 
FF) of the oscillation unit 120c. After the delay time t, has 
elapsed, the capacitor C starts to be discharged at time t2, and 
the filter voltage VF is exponentially decreased to the second 
reference level VR2. Even though the filter voltage VF 
reaches the second reference level VR2 at time ta, the filter 
voltage VF is further decreased during the delay time t, after 
the time ta due to the parasitic delay of the oscillation unit 
120c. After the delay time t, has elapsed, the capacitor C 
starts to be charged again at time t5. In this case, the oscilla 
tion signal OSC is activated when the level of the filter voltage 
VF is higher than the first reference level VR1 (e.g., for the 
duration between time t1 to t3), or lower than the second 
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reference level VR2 (e.g., for the duration between timetal to 
t6). The period t of the oscillation signal OSC generated 
from the temperature controlled oscillator 100c may be 
expressed as Equation 2. The parasitic delay may correspond 
to delay between the input and the output of each of the 
comparators COM1 and COM2, the logic devices NOR1, 
NOR2, and INV, and the flip-flop FF. 

FIGS. 7 and 8 are circuit diagrams illustrating still yet other 
examples of the temperature controlled oscillator of FIG. 1. 

Referring to FIG. 7, a temperature controlled oscillator 
100d includes an oscillation unit 120d and the filter unit 140c. 
The temperature controlled oscillator 100d of FIG. 7 is 

substantially identical to the temperature controlled oscillator 
100c of FIG. 5 except that a latch block 126d has a modified 
configuration, and operates as illustrated in FIG. 6. 
The oscillation unit 120d may include the reference volt 

age generation block 122, the output block 124, and a latch 
block 126d. The latch block 126d latches and outputs an 
oscillation signal OSC, and may include a latch LT. The latch 
LT may include a set terminal S to receive the oscillation 
signal OSC, an output terminal Q connected with a second 
terminal of an on-chip metal resistor R, and a reset terminal 
R connected with an inverted output terminal Q. The latch LT 
may include a third NOR gate NOR3 and a fourth NOR gate 
NOR4 having inputs and outputs mutually connected with 
each other. Although FIG. 7 illustrates that the latch LT is a 
set-latch S-R, the type of the latch LT may be variously 
changed according to example embodiments. 

Referring to FIG. 8, a temperature controlled oscillator 
100e includes an oscillation unit 120c and a filter unit 140e. 
The temperature controlled oscillator 100e of FIG. 8 is 

substantially identical to the temperature controlled oscillator 
100c of FIG. 5 except that a filter unit 140e has a modified 
configuration, and operates as illustrated in FIG. 6. 

The filter unit 140e includes an on-chip metal resistor R. 
and a capacitor C, and may include an amplification block 
142e. The amplification block 142e may include a first ter 
minal A connected with a second terminal of the capacitor C. 
a second terminal B connected with the terminal of ground 
voltage VSS, and a third terminal C connected with a first 
node N21. The filter unit 140e is implemented to include a 
Miller capacitor including the capacitor C and the amplifica 
tion block 142e, thereby reducing the area of the filter unit 
140e and the size of the temperature controlled oscillator 
100e. 

FIG. 9 is a diagram illustrating a temperature controlled 
oscillator according to at least one example embodiment. 

Referring to FIG.9, a temperature controlled oscillator 200 
includes an oscillation unit 220, and a filter/frequency adjust 
ing unit 240. 
The oscillation unit 220 generates at least one reference 

Voltage based on Supply Voltage VDD and ground Voltage 
VSS, and generates an oscillation signal OSC based on filter 
voltage VF' and the at least one reference voltage. The oscil 
lation signal OSC has a period varying depending on tem 
perature variation. 
The filter/frequency adjusting unit 240 generates the filter 

voltage VF based on the oscillation signal OSC". In order to 
remove offset errors from the oscillation signal OSC, the 
filter/frequency adjusting unit 240 adjusts the period of the 
oscillation signal OSC based on a correction control signal 
CCON. The offset error is included in the oscillation signal 
OSC due to the parasitic delay of the oscillation unit 220. The 
filter/frequency adjusting unit 240 may be implemented in the 
form of a first order LPF. A resistor included in the filter/ 
frequency adjusting unit 240 may be integrated on the same 
semiconductor device together with a circuit and/or system 
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14 
including the temperature controlled oscillator 200, and may 
include an on-chip metal resistor R, including a metallic 
material. 

According to one example embodiment, in the oscillation 
signal OSC, first and second durations may be alternately 
repeated based on the correction control signal CCON. The 
oscillation signal OSC may have a first period for the first 
duration, and may have a second period longer than the first 
period for the second duration. The number of first oscillation 
pulses for the first duration may be substantially equal to the 
number of second oscillation pulses for the second duration. 

Since the temperature controlled oscillator 200 according 
to example embodiments includes the on-chip metal resistor 
Rintegrated with a semiconductor Substrate together with a 
circuit and/or a system while representing the Superior linear 
ity with respect to the temperature variation, the temperature 
controlled oscillator 200 can accurately and effectively gen 
erate the oscillation signal OSC'having a period proportional 
to the temperature and have the Smaller and simpler configu 
ration. In addition, the temperature controlled oscillator 200 
can adjust the period of the oscillation signal OSC based on 
the correction control signal CCON in order to effectively 
remove an offset error from the oscillation signal OSC". 

Hereinafter, various example embodiments of a tempera 
ture controlled oscillator will be described in more detail. 

FIG. 10 is a circuit diagram illustrating one example of the 
temperature controlled oscillator of FIG. 9. 

Referring to FIG. 10, a temperature controlled oscillator 
220a includes an oscillation unit 220a and a filter/frequency 
adjusting unit 240a. 
The filter/frequency adjusting unit 24.0a may include a first 

on-chip metal resistor R1, a second on-chip metal resistor 
R2, a select block 242a, and a capacitor C. The first on-chip 
metal resistor R1 may be connected between a first node N31 
and a second node N32, and the second on-chip metal resistor 
R2 may be connected between the second node N32 and a 
third node N33. The first and second on-chip metal resistors 
R1 and R2 may have resistance values linearly varying 
depending on temperature variation. The select block 242a 
may electrically connect one of the second and third nodes 
N32 and N33 with an output terminal (i.e., an output terminal 
of a comparator COM) of the oscillation unit 220a in response 
to the correction control signal CCON. For example, the 
select block 242a may include a multiplexer, and may be 
implemented in the form of a Switch according to example 
embodiments. The capacitor C has a first terminal connected 
with the first node N31, and a second terminal connected to 
the terminal of ground voltage VSS. The capacitor C may be 
charged or discharged based on the oscillation signal OSC 
and the correction control signal CCON to supply filter volt 
age VF". The voltage at the first node N31 may serve as the 
filter voltage VF'. 
The oscillation unit 220a may be substantially identical to 

the oscillation unit 120a included in the temperature con 
trolled oscillator 100a of FIG. 2. In other words, the oscilla 
tion unit 220a may include a first resistor R1 connected 
between supply voltage VDD and a node NA, a second resis 
tor R2 connected between the node NA and the terminal of 
ground voltage VSS, a comparator COM having a first input 
terminal connected with the first node N31, a second input 
terminal connected with the node NA, and an output terminal 
to output the oscillation signal OSC, and a third resistor R3 
connected between the node NA and the output terminal of 
the comparator COM. 

FIG. 11 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 10. 
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Referring to FIGS. 10 and 11, since the increasing/decreas 
ing operations of the filter Voltage VF' according to the charg 
ing/discharging operations of the capacitor C and the activat 
ing/deactivating operations of the oscillation signal OSC 
according to the increasing/decreasing operations of the filter 
voltage VF"are substantially identical to operations described 
with reference to FIG.3, the details thereof will be omitted in 
order to avoid redundancy. 
The correction control signal CCON has a logic low level 

for a first duration P1, and the select block 242a electrically 
connects the second node N32 with the output terminal of the 
oscillation unit 220a. In this case, the filter/frequency adjust 
ing unit 240a has the time constant of “R1x.C. and the filter 
voltage VF" is increased/decreased based on the time constant 
of “R1xC, so that the oscillation signal OSC has a first 
period t1 that is relatively short. 

After first oscillation pulses having the first period t1 
have been generated by a preset number (for example, 4 
pulses in FIG. 11), the correction control signal CCON tran 
sits from the logic low level to a logic high level. The correc 
tion control signal CCON has the logic high level for a second 
duration P2, and the select block 242a electrically connects 
the third node N33 with the output terminal of the oscillation 
unit 220a. In this case, the filter/frequency adjusting unit 240a 
has the time constant of “(R1+R2)xC. and the filter volt 
age VF" is increased/decreased based on the time constant of 
“(R1+R2)xC. As the time constant is increased, the oscil 
lation signal OSC has a second period to longer than the 
first period t1. 

After second oscillation pulses having the second period 
t2 have been generated by a preset number, the correction 
control signal CCON transits from the logic high level to the 
logic low level, and the first duration P1 re-starts. Accord 
ingly, the first duration P1 and the second duration P2 may be 
alternately repeated, and the number of the first oscillation 
pulses for the first duration P1 may be substantially equal to 
the number of the second oscillation pulses for the second 
duration P2. 

According to one embodiment, the first and second periods 
t1 and t2 of the oscillation signal OSC may be deter 
mined depending on the resistance values of the first and 
second on-chip metal resistors R1 and R2. For example, the 
first and second on-chip metal resistors R1 and R2 may 
have the same resistance value, and the same resistance value 
may be about /2 of the resistance value of the on-chip metal 
resistor R of FIG. 2. In this case, the time constant of the 
filter/frequency adjusting unit 240a for the first duration P1 is 
about/2 of the time constant of the filter unit 14.0a of FIG. 2, 
and the first period t1 may be about/2 of the period t of 
the oscillation signal OSC of FIG. 3. For the second duration 
P2, the time constant of the filter/frequency adjusting unit 
24.0a is substantially equal to the time constant of the filter 
unit 14.0a of FIG. 2, and the second period t2 may be 
Substantially equal to the period t of the oscillation signal 
OSC of FIG. 3. 
As described above, if the periods of the oscillation signal 

OSC are alternately/repeatedly changed whenever the pulses 
of the oscillation signal OSC" are generated by a preset num 
ber, a digital signal processing circuit provided at the rear 
stage of the temperature controlled oscillator 200a properly 
processes the oscillation signal OSC, thereby removing off 
set errors from the oscillation signal OSC". The detailed con 
figuration and the detailed method of removing the offset 
errors will be described later with reference to FIGS. 22 and 
23. 

FIG. 12 is a circuit diagram illustrating another example of 
the temperature controlled oscillator of FIG. 9. 
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Referring to FIG. 12, a temperature controlled oscillator 

200b includes an oscillation unit 220a and a filter/frequency 
adjusting unit 240b. 
The temperature controlled oscillator 200b of FIG. 12 may 

be substantially identical to the temperature controlled oscil 
lator 200a of FIG. 10 except that the filter/frequency adjust 
ing unit 240b has a modified configuration. 
The filter/frequency adjusting unit 240b may include an 

on-chip metal resistor R, a first capacitor C1, a second 
capacitor C2, and a select block 242b. The on-chip metal 
resistor R has a first terminal connected with a first node 
N41, and a second terminal connected with an output terminal 
(i.e., an output terminal of a comparator COM) of the oscil 
lation unit 220a. The on-chip metal resistor R may have a 
resistance value linearly varying according to time variation. 
The first capacitor C1 has a first terminal connected with the 
first node N41, and a second terminal connected with the 
terminal of ground voltage VSS. The capacitor C1 may be 
charged or discharged based on an oscillation signal OSC to 
supply filter voltage VF". The second capacitor C2 has a first 
terminal connected with the first node N41. The select block 
242b may selectively and electrically connect the second 
terminal of the first capacitor C1 with the second terminal of 
the second capacitor C2 in response to a correction control 
signal CCON. For example, the select block 242b may 
include a switch. The voltage at the first node N41 may serve 
as the filter voltage VF". 
The temperature controlled oscillator 200b of FIG. 12 may 

operate as illustrated in FIG. 11. In this case, the select block 
242b for the first duration P1 does not electrically connect the 
second terminal of the first capacitor C1 with the second 
terminal of the second capacitor C2, and the filter/frequency 
adjusting unit 240b has the time constant of “RXC1'. The 
oscillation signal OSC has the first period t1 based on the 
time constant of “RXC1'. The select block 242b for the 
second duration P2 electrically connects the second terminal 
of the first capacitor C1 with the second terminal of the 
second capacitor C2, and the filter/frequency adjusting unit 
240b has the time constant of “Rx(C1+C2). The oscillation 
signal OSC has the second period t2 based on the time 
constant of “Rx(C1+C2). 

According to one embodiment, the first and second periods 
t1 and t2 of the oscillation signal OSC may be deter 
mined depending on the capacitance of the first capacitor C1 
and the capacitance of the second capacitor C2. For example, 
the first and second capacitors C1 and C2 may have the same 
capacitance, and the same capacitance may be about/2 of the 
capacitance of the capacitor C of FIG. 2. In this case, the time 
constant of the filter/frequency adjusting unit 240b for the 
first duration P1 is about /2 of the time constant of the filter 
unit 14.0a of FIG. 2, and the first period t1 may be about/2 
of the period t of the oscillation signal OSC of FIG. 3. For 
the second duration P2, the time constant of the filter/fre 
quency adjusting unit 240b is substantially equal to the time 
constant of the filter unit 14.0a of FIG. 2, and the second 
period t2 may be substantially equal to the period t of the 
oscillation signal OSC of FIG. 3. 

FIG. 13 is a circuit diagram illustrating still another 
example of the temperature controlled oscillator of FIG. 9. 

Referring to FIG. 13, a temperature controlled oscillator 
200c includes an oscillation unit 220c and a filter/frequency 
adjusting unit 240c. 
The filter/frequency adjusting unit 240c may include a first 

on-chip metal resistor R1, a second on-chip metal resistor 
R2, a select block 242c, and a capacitor C. The on-chip metal 
resistor R1 has a first terminal connected with a second node 
N52, and a second terminal connected with an output terminal 
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of a latch block 226. The second on-chip metal resistor R2 
may be connected between the second node N52 and a third 
node N53. The first on-chip metal resistor R1 and the second 
on-chip metal resistor R2 may have resistance values lin 
early varying according to temperature variation. The select 
block 242c may electrically connect one of the second node 
N52 and the third node N53 with the first node N51 in 
response to a correction control signal CCON. The capacitor 
has a first terminal connected with the first node N51, and a 
second terminal connected with the terminal of ground Volt 
age VSS. The capacitor C is charged or discharged based on 
an oscillation signal OSC" and the correction control signal 
CCON to supply filter voltage VF". The voltage at the first 
node N51 may serve as the filter voltage VF". 
The oscillation unit 220c may be substantially identical to 

the oscillation unit 120c included in the temperature con 
trolled oscillator 100c of FIG. 5. In other words, the oscilla 
tion unit 220c may include a reference Voltage generation 
block 222, an output block 224, and a latch block 226. The 
reference Voltage generation block 222 may include a first 
resistor R4, a second resistor R5, and a third resistor R6. The 
output block 224 may include a first comparator COM1, a 
second comparator COM2, a first NOR gate NOR1, an 
inverter INV, and a second NOR gate NOR2. The latch block 
226 may include a flip-flop FF. 

FIG. 14 is a timing diagram illustrating the operation of the 
temperature controlled oscillator of FIG. 13. 

Referring to FIGS. 13 and 14, the increasing/decreasing 
operations of the filter Voltage VF' according to the charging/ 
discharging operations of the capacitor C and the activating/ 
deactivating operations of the oscillation signal OSC'accord 
ing to the increasing/decreasing operations of the filter 
voltage VF"are substantially identical to operations described 
with reference to FIG. 6. 

At time ta, a start signal ST is activated, so that the tem 
perature controlled oscillator 200c starts to be driven. 
Accordingly, the oscillation signal OSC is activated. 
The correction control signal CCON has a logic low level 

for a first duration P1, and the select block 242c electrically 
connects the second node N52 with the first node N51. In this 
case, the oscillation signal OSC has the first period t1 
based on “R1XC' which is the time constant of the filter/ 
frequency adjusting unit 240c. 
The correction control signal CCON has a logic high level 

for a second duration P2, and the select block 242c electri 
cally connects the third node N53 with the first node N51. In 
this case, the oscillation signal OSC has the second period 
t2 based on “(R1+R)xC” which is the time constant of 
the filter/frequency adjusting unit 240c. The first duration P1 
and the second duration P2 may be alternately repeated, and 
the number of first oscillation pulses for the first duration P1 
may be substantially equal to the number of second oscilla 
tion pulses for the second duration P2. 

According to one embodiment, the first and second periods 
t1 and t2 of the oscillation signal OSC may be deter 
mined depending on the resistance values of the first and 
second on-chip metal resistors R1 and R2. For example, the 
first and second on-chip metal resistors R1 and R2 may 
have the same resistance value, and the same resistance value 
may be about /2 of the resistance value of the on-chip metal 
resistor R of FIG. 2. In this case, the first period t1 may be 
about /2 of the period t of the oscillation signal OSC of 
FIG. 6, and the second period t2 may be substantially equal 
to the period t of the oscillation signal OSC of FIG. 6. 

FIG. 15 is a circuit diagram illustrating still yet another 
example of the temperature controlled oscillator of FIG. 9. 
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Referring to FIG. 15, a temperature controlled oscillator 

200d includes an oscillation unit 220c and a filter/frequency 
adjusting unit 240d. 
The temperature controlled oscillator 200d of FIG. 15 is 

substantially identical to the temperature controlled oscillator 
200c of FIG. 13 except that the filter/frequency adjusting unit 
240 has a modified configuration. 
The filter/frequency adjusting unit 240d may include an 

on-chip metal resistor R, a first capacitor C1, a second 
capacitor C2, and a select block 242d. The on-chip metal 
resistor R has a first terminal connected with a first node 
N61, and a second terminal connected with an output terminal 
of a latch block 226. The on-chip metal resistor R may have 
a resistance value linearly varying according to time varia 
tion. The first capacitor C1 has a first terminal connected with 
the first node N61, and a second terminal connected with the 
terminal of ground voltage VSS. The capacitor C1 may be 
charged or discharged based on an oscillation signal OSC to 
supply filter voltage VF". The second capacitor C2 has a first 
terminal connected with the first node N61. The select block 
242d may selectively and electrically connect the second 
terminal of the first capacitor C1 with the second terminal of 
the second capacitor C2 in response to a correction control 
signal CCON. The voltage at the first node N61 may serve as 
the filter voltage VF". 
The temperature controlled oscillator 200d of FIG. 15 may 

operate as illustrated in FIG. 14. In this case, the select block 
242d for the first duration P1 does not electrically connect the 
second terminal of the first capacitor C1 with the second 
terminal of the second capacitor C2, and the oscillation signal 
OSC has the first period t1 based on the time constant of 
“RXC1'. The select block 242d for the second duration P2 
electrically connects the second terminal of the first capacitor 
C1 with the second terminal of the second capacitor C2, and 
the oscillation signal OSC has the second period t2 based 
on the time constant of “Rx(C1+C2)' of the filter/frequency 
adjusting unit 240d. 

According to one embodiment, the first and second periods 
t1 and t2 of the oscillation signal OSC may be deter 
mined depending on the capacitance of the first capacitor C1 
and the capacitance of the second capacitor C2. For example, 
the first and second capacitors C1 and C2 may have the same 
capacitance, and the same capacitance may be about/2 of the 
capacitance of the capacitor C of FIG. 5. In this case, the first 
period t1 may be about/2 of the period t of the oscilla 
tion signal OSC of FIG. 6, and the second period t2 may be 
Substantially equal to the period t of the oscillation signal 
OSC of FIG. 6. 

Although not illustrated in drawings, the capacitors C, C1, 
and C2 included in the temperature controlled oscillators 
200a, 200b, and 200c may be implemented in the form of the 
Miller capacitor as illustrated in FIGS. 4 and 8 according to 
example embodiments, and the latch block 226 included in 
the temperature controlled oscillators 220c and 200d may be 
implemented to include a latch such as an S-R latch instead of 
the flip-flop FF. 

FIG.16 is a block diagram illustrating a temperature sensor 
according to example embodiments. 

Referring to FIG.16, a temperature sensor 500a includes a 
temperature controlled oscillator 100 and an analogue-digital 
(A/D) conversion circuit 510a. 
The temperature controlled oscillator 100 detects a present 

temperature to generate an oscillation signal OSC. The oscil 
lation signal OSC has a period varying depending on tem 
perature variation. The temperature controlled oscillator 100 
may be the temperature controlled oscillator 100 of FIG. 1, 
and may be implemented in the configuration illustrated in 
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FIG. 2, 4, 5, 7 or 8. In other words, the temperature controlled 
oscillator 100 includes an oscillation unit 120 and a filter unit 
140, and the filter unit 140 includes an on-chip metal resistor 
R and a capacitor C. The temperature controlled oscillator 
100 includes the on-chip metal resistor R, so that the tem 
perature controlled oscillator 100 can accurately and effec 
tively generate the oscillation signal OSC having a period 
proportional to the temperature. In addition, the temperature 
controlled oscillator 100 has the smaller and simpler configu 
ration, and can be implemented at the lower manufacturing 
COSt. 
The A/D converting circuit 510a generates a digital output 

signal TEMP based on both of the oscillation signal OSC and 
a reference oscillation signal REF. The digital output signal 
TEMPO corresponds to the present temperature. The A/D 
conversion circuit 510a may include a local oscillator 520, a 
counter 530, a divider 540, and a difference unit 550. 
The local oscillator 520 may generate the reference oscil 

lation signal REF. For example, the local oscillator 520 may 
include a crystal oscillator. 
The counter 530 may generate a count signal CNT based on 

the reference oscillation signal REF. For example, the count 
signal CNT may be sequentially increased at every rising 
edge or every falling edge of the reference oscillation signal 
REF. The count signal CNT generated from the counter 530 is 
not reset, but consecutively increased. In this case, the counter 
530 may be implemented through a 2s complement scheme. 
The divider 540 may divide the oscillation signal OSC to 

generate a division signal MOSC. According to example 
embodiments, the division ratio of the divider 540 may be 
variously changed. 

The difference unit 550 may generate the digital output 
signal TEMPO based on the division signal MOSC and the 
count signal CNT. For example, the difference unit 550 
obtains a count value of the count signal CNT at every rising 
edge or every falling edge of the division signal MOSC to 
generate the digital output signal TEMPO. For example, the 
difference unit 550 may have a transfer function of “1-Z' 

FIG. 17 is a timing diagram illustrating the operation of the 
temperature sensor of FIG. 16. 

Referring to FIGS. 16 and 17, the local oscillator 520 
generates the reference oscillation signal REF having a fixed 
reference periodt, and the counter 530 generates the count 
signal CNT increased at every rising edge of the reference 
oscillation signal REF. The temperature controlled oscillator 
100 generates the oscillation signal OSC having a periodt 
varying depending on temperature variation, and the divider 
540 divides the oscillation signal OSC by M to generate the 
division signal MOSC having a period of Mxt. In this case, 
M is a natural number equal to or greater than 2, and may be 
4 in FIG. 17. 
The difference unit 550 obtains a count value of the count 

signal CNT at every rising edge of the division signal MOSC, 
Subtracts a previous count value obtained at a previous edge 
of the division signal MOSC from a present count value 
obtained at a present edge of the division signal MOSC, and 
generates the digital output signal TEMPO. For example, the 
difference unit 550 obtains a first count value CNT1 at time 
tX, obtains a second count value CNT2 at time ty, and obtains 
a third count value CNT3 at time tz. The difference unit 550 
subtracts the first count value CNT1 from the second count 
value CNT2 to generate a first temperature value, subtracts 
the second count value CNT2 from the third count value 
CNT3 to generate a second temperature value, and outputs 
each of the first and second temperature values as the digital 
output signal TEMPO. Since the period t of the oscillation OSc 

signal OSC is increased, that is, the second temperature value 
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is greater than the first temperature value, FIG. 17 may illus 
trate an example that the temperature is increased by the lapse 
of time. 

According to example embodiments, the resolution of the 
temperature sensor 500a may be determined depending on 
the resistance value of the on-chip metal resistor R and the 
capacitance of the capacitor C, which constitute the tempera 
ture controlled oscillator 100, the division ratio (M) of the 
divider 540, and the period t of the reference oscillation 
signal REF. In addition, if the resistance value of the on-chip 
metal resistor Rhas the sufficiently linear characteristic with 
respect to the temperature variation, and the delay time t. 
caused by the parasitic delay is short sufficiently to satisfy 
Equation 2, the reliability of the temperature sensor 500a can 
be ensured. For example, if the variation in the period of the 
division signal MOSC is 2n greater than the variation in the 
period t of the reference oscillation signal REF, and the 
distortion of the period of the division signal MOSC caused 
by the delay time t1 is less than the distortion of the period 
to of the reference oscillation signal REF in a specific 
temperature range, the n-bit resolution temperature sensor 
having the reliability ensured in the specific temperature 
range can be designed. 

FIG. 18 is a block diagram illustrating a temperature sensor 
according to example embodiments. 

Referring to FIG. 18, a temperature sensor 500b includes a 
temperature controlled oscillator 100 and an A/D conversion 
circuit 510b. 
The temperature sensor 500b of FIG. 18 may be substan 

tially identical to the temperature sensor 500a of FIG. 16 
except that the A/D conversion circuit 510b has a modified 
configuration. 
The A/D conversion circuit 510b may include a local oscil 

lator 520, a divider 540, a counter 542, and a register 552. 
The local oscillator 520 may generate a reference oscilla 

tion signal REF. The divider 540 may divide the oscillation 
signal OSC to generate a division signal MOSC. 
The counter 542 may generate a count signal CNT based on 

the reference oscillation signal REF and the division signal 
MOSC. For example, the count signal CNT may be sequen 
tially increased at every rising edge or every falling edge of 
the reference oscillation signal REF, and may be reset at every 
rising edge or every falling edge of the division signal MOSC. 
The register 552 may generate a digital output signal 

TEMPO based on the division signal MOSC and the count 
signal CNT. For example, the register 552 obtains a count 
value at every rising edge or every falling edge of the division 
signal MOSC to generate the digital output signal TEMPO. 

FIG. 19 is a timing diagram illustrating the operation of the 
temperature sensor of FIG. 18. 

Referring to FIGS. 18 and 19, a temperature controlled 
oscillator 100 generates an oscillation signal OSC having a 
period t varying depending on temperature variation, and 
the divider 540, and the divider 540 divides the oscillation 
nation signal OSC by M to generate the division signal 
MOSC having a period of Mxt. The local oscillator 520 
generates the reference oscillation signal REF having a fixed 
reference periodt, and the counter 542 generates the count 
signal CNT increased at every rising edge of the reference 
oscillation signal REF and reset at every rising edge of the 
division signal MOSC. 
The register 552 obtains a count value of the count signal 

CNT at every rising edge of the division signal MOSC. For 
example, the register 552 obtains a first count value CNTY at 
time ty, and obtains a second count value CNTZ at time tz. 
Since the count signal CNT is reset at every rising edge of the 
division signal MOSC, the register 552 outputs each of the 
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first and second count values CNTY and CNTZ as the digital 
output signal TEMPO. Since the period t of the oscillation 
signal OSC is increased, that is, the second count value CNTZ 
is greater than the first count value CNTY, FIG. 19 may 
illustrate an example that the temperature is increased by the 
lapse of time. 

FIG.20 is a block diagram illustrating a temperature sensor 
according to example embodiments. 

Referring to FIG. 20, a temperature sensor 500c includes a 
temperature controlled oscillator 100 and an A/D conversion 
circuit 510c. 
The temperature sensor 500c of FIG. 20 may be substan 

tially identical to the temperature sensor 500a of FIG. 16 
except that the A/D conversion circuit 510c has a modified 
configuration. 
The A/D conversion circuit 510c may include a local oscil 

lator 520, a divider 534, a counter 544, and a register 554. 
The local oscillator 520 may generate a reference oscilla 

tion signal REF. The divider 534 may divide the oscillation 
signal OSC to generate a division signal MREF. 
The counter 544 may generate a count signal CNT based on 

the oscillation signal OSC and the division signal MREF. For 
example, the count signal CNT may be sequentially increased 
at every rising edge or every falling edge of the oscillation 
signal OSC, and may be reset at every rising edge or every 
falling edge of the division signal MREF. 
The register 554 may generate a digital output signal 

TEMPO based on the division signal MREF and the count 
signal CNT. For example, the register 554 obtains a count 
value at every rising edge or every falling edge of the division 
signal MREF to generate the digital output signal TEMPO. 

FIG. 21 is a waveform illustrating the operation of the 
temperature sensor of FIG. 20. 

Referring to FIGS. 20 and 21, the local oscillator 520 
generates the reference oscillation signal REF having a fixed 
reference period t, and the divider 534 divides the refer 
ence oscillation signal REF by M to generate the division 
signal MREF having a period of Mxt. The temperature 
controlled oscillator 100 generates the oscillation signal OSC 
having a periodt varying depending on temperature varia 
tion, and the counter 544 generates a count signal CNT 
increased at ever rising edge of the reference oscillation sig 
nal REF and reset at ever rising edge of the division signal 
MREF. 
The register 554 obtains a count value of the count signal 

CNT at every rising edge of the division signal MREF. For 
example, the register 554 obtains a first count value CNTP at 
time tip, and obtains a second count value CNTQ at time td. 
Since the count signal CNT is reset at every rising edge of the 
division signal MREF, the register 554 outputs each of the 
first and second count values CNTP and CNTQ as the digital 
output signal TEMPO. Since the period t of the oscillation 
signal OSC is decreased, that is, the second count value 
CNTQ is less than the first count value CNTP, FIG. 21 may 
illustrate an example that the temperature is decreased by the 
lapse of time. 

The temperature sensors 500a, 500b, and 500c include the 
temperature controlled oscillator 100 having the on-chip 
metal resistor R, so that the temperature sensors 500a, 500b, 
and 500c can accurately and effectively generate the digital 
output signal TEMPO having a period proportional to the 
temperature. In addition, the temperature sensors 500a, 500b, 
and 500c can have the smaller and simpler configuration, and 
can be implemented at the lower manufacturing cost. 

FIG.22 is a block diagram illustrating a temperature sensor 
according to example embodiments. 
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Referring to FIG.22, a temperature sensor 500d includes a 

temperature controlled oscillator 200 and an A/D conversion 
circuit 510d. 
The temperature controlled oscillator 200 detects a present 

temperature to generate an oscillation signal OSC". The oscil 
lation signal OSC has a period varying depending on tem 
perature variation. In order to remove offset errors from the 
oscillation signal OSC, the temperature controlled oscillator 
200 adjusts the period of the oscillation signal OSC based on 
a correction control signal CCON. The temperature con 
trolled oscillator 200 may include the temperature controlled 
oscillator 200 of FIG. 9, and may be implemented in the 
configurations illustrated in FIGS. 10, 12, 13, and 15. In other 
words, the temperature controlled oscillator 200 includes an 
oscillation unit 220 and a filter/frequency adjusting unit 240 
including an on-chip metal resistor R. The temperature con 
trolled oscillator 200 includes the on-chip metal resistor R 
so that the temperature controlled oscillator 200 can accu 
rately and effectively generate the oscillation signal OSC 
having a period proportional to the temperature. In addition, 
the temperature controlled oscillator 200 has the smaller and 
simpler configuration, and can be implemented at the lower 
manufacturing cost. In addition, in order to remove offset 
errors included in the oscillation signal OSC due to the para 
sitic delay of the oscillation unit 220, the temperature con 
trolled oscillator 200 adjusts the period of the oscillation 
signal OSC based on a correction control signal CCON. 
The A/D converting circuit 510d generates a first digital 

output signal TEMPOF and a correction control signal 
CCON based on both of the oscillation signal OSC" and a 
reference oscillation signal REF. The first digital output sig 
nal TEMPOF is a signal corresponding to a present tempera 
ture and obtained by correcting the offset errors. The A/D 
conversion circuit 510d may include a local oscillator 520, a 
counter 530, a first divider 540, a first difference unit 550, a 
second difference unit 560, and a second divider 570. 
The local oscillator 520, the counter 530, the first divider 

540, and the first difference unit 550 may be substantially 
identical to the local oscillator 520, the counter 530, the 
divider 540, and the difference unit 550 constituting the tem 
perature sensor 500a of FIG. 16, respectively. In other words, 
the local oscillator 520 may generate a reference oscillation 
signal REF, the counter 530 may generate a count signal CNT 
based on the reference oscillation signal REF, the first divider 
540 may generate a division signal MOSC obtained by divid 
ing the oscillation signal OSC, and the first difference unit 
550 may obtain a count value of the count signal CNT at every 
rising edge or every falling edge of the division signal MOSC 
to generate a second digital output signal TEMPO'. 
The second difference unit 560 may generate the first digi 

tal output signal TEMPOF based on the division signal 
MOSC" and the second digital output signal TEMPO'. For 
example, the second difference unit 560 may obtain the value 
of the second digital output signal TEMPO at every rising 
edge or every falling edge of the division signal MOSC to 
generate the first digital output signal TEMPOF. For example, 
the second difference unit 560 may have a transfer function of 
& G 1 -Z Iss 

The second divider 570 may divide the division signal 
MOSC to generate the correction control signal CCON. For 
example, the second divider 570 may generate the correction 
control signal CCON by dividing the division signal MOSC 
by 2. 

FIG. 23 is a waveform illustrating the operation of the 
temperature sensor of FIG. 22. 

Referring to FIGS. 22 and 23, since the operation of gen 
erating the second digital output signal TEMPO' based on the 
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oscillation signal OSC" and the reference oscillation signal 
(REF) is substantially identical to that described with refer 
ence to FIG. 17, the details thereof will be omitted in order to 
avoid redundancy. 
The second divider 570 generates the correction control 

signal CCON by dividing the division signal MOSC"by 2. For 
a first duration P1 where the correction control signal CCON 
has a logic low level, the oscillation signal OSC has a first 
periodts1 which is shorter. For a second duration P2 where 
the correction control signal CCON has a logic high level, the 
oscillation signal OSC has a second period tes-2 higher than 
the first period tes-1. Accordingly, the division signal MOSC 
has a period M*ts-1, which is shorter, for the first duration 
P1, and has a period Mts-2, which is longer, for the second 
duration P2. 
The second difference unit 560 obtains the value of the 

second digital output signal TEMPO at every rising edge of 
the division signal MOSC". The second difference unit 560 
may generate the first digital output signal TEMPOF by sub 
tracting a previous value of the second digital output signal 
TEMPO', which is obtained at a previous edge of the division 
signal MOSC", from a present value of the second digital 
output signal TEMPO' obtained at a present edge of the divi 
sion signal MOSC". 

For example, when the second period tes-2 is twice longer 
than the first period tose-1 (i.e., tos1=tos-2/2), that is, when 
the temperature controlled oscillator 200 is realized in such a 
manner that the first and second on-chip metal resistors (R?.1 
and R2 of FIGS. 10 and 13) have the same resistance value 
or the first and second capacitors (C1 and C2 of FIGS. 12 and 
15) have the same capacitance, the value Tn of the second 
digital output signal TEMPO' output from the first difference 
unit 550 may be expressed as Equation 5 and Equation 6 as a 
function of the value of n. 

T2n-11-M(tosa/2+i)-(q2n-11-q2n-2) Equation 5 

In Equation 5 and Equation 6, t, represents an offset error 
component caused by parasitic delay. In Equation 5, each of 
q2n-1 and q2n-2 represent a quantization error result 
ing from the operation for T2n-1 in the first difference unit 
550. Similarly, in Equation 6, q2n and q2n-1 representa 
quantization error resulting from the operation for T2n in 
the first difference unit 550. 

Based on Equation 5 and Equation 6, the value of the first 
digital output signal TEMPOF output from the second differ 
ence unit 560 may be expressed as Equation 7. 

Equation 6 

TEMPOF = TIn-Tin - 1) 

{ Miosc2 (2 - (gen - 2an - 1) + gn - 2), 
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when n is even 

- Miosc2 (2 - (an - 2q2n - 1 + q n - 2), when n is odd 

The values of the second digital output signal TEMPO' 
obtained by Equation 5 and Equation 6 include both of the 
offset error component and the quantization error component. 
The values of the first digital output signal TEMPOF obtained 
by Equation 7 include only the quantization error component, 
and the offset error component is removed from the values. 
Accordingly, the temperature sensor 500d can effectively 
remove the offset error component included in the oscillation 
signal OSC' by performing a second order quantization noise 
shaping operation as expressed in Equation 7. As the offset 
error is corrected, the first digital output signal TEMPOF 
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having the improved accuracy and reliability can be gener 
ated. 

FIG.24 is a block diagram illustrating a temperature sensor 
according to example embodiments. 

Referring to FIG. 24, the temperature sensor 500e includes 
a temperature controlled oscillator 200, and A/D conversion 
circuit 510d, and again correction circuit 610. 
The temperature sensor 500e of FIG. 24 may be substan 

tially identical to the temperature sensor 500d of FIG. 22 
except that the temperature sensor 500e further includes the 
gain correction circuit 610. 
The gain correction circuit 610 may generate a second 

digital output signal TEMPOFG based on a first digital output 
signal TEMPOF and a reference output signal OREF. As 
described with reference to FIGS. 22 and 23, the first digital 
output signal TEMPOF is a signal generated after an offset 
error has been corrected, and the reference output signal 
OREF represents a reference digital output value to be output 
from the temperature sensor 500e when a present temperature 
is a reference temperature T0. The second digital output sig 
nal TEMPOFG is a signal generated after both of an offset 
error and again error have been corrected. The gain correc 
tion circuit 610 may include a first operation unit 620, a 
storage unit 630, and a second operation unit 640. 
The first operation unit 620 may calculate again correction 

value e by dividing the reference output signal OREF by the 
first digital output signal TEMPOF. The first operation unit 
620 may include a reciprocal number generation unit 622 to 
generate a reciprocal number (1/TEMPOF) of the first digital 
output signal TEMPOF, and a mixer 624 to generate a cor 
rected gain value e by multiplying a reciprocal number 
(1/TEMPOF) of the first digital output signal TEMPOF by the 
reference output signal OREF. 
The storage unit 630 may store the corrected gain value e 

The storage unit 630 may include a predetermined storage 
unit Such as a volatile memory or a non-volatile memory. 
According to example embodiments, the storage unit 630 
may be placed outside the temperature sensor 500e. 
The second operation unit 640 may generate the second 

digital output signal TEMPOFG by multiplying the first digi 
tal output signal TEMPOF by the corrected gain valuee The 
second operation unit 640 may be implemented in the form of 
a mixer. 

In general, the gain error may be caused by RC variation. 
The temperature sensor 500e performs a 1-point calibration 
scheme with respect to the first digital output signal TEMPOF 

Equation 7 

obtained after the offset error has been corrected, thereby 
correcting the gain error based on the reference output signal 
OREF to generate the second digital output signal TEM 
POFG having the improved accuracy and reliability. 
FIG.25 is a graph to explain the operations of the tempera 

ture sensors of FIGS. 16, 22, and 24. 
Referring to FIGS. 16, 22, 24, and 25, the digital output 

signal TEMPO generated from the temperature sensor 500a 
is a signal having the offset error caused by the parasitic delay 
and the gain error caused by the RC variation. The digital 
output signal TEMPOF generated from the temperature sen 
sor 510d is a signal generated after the offset error has been 
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corrected. The digital output signal TEMPOFG generated 
from the temperature sensor 500e is a signal generated after 
both of the offset error and the gain error have been corrected. 
Accordingly, the temperature sensor 500e may output a value 
corresponding to the reference output signal OREF at a ref 
erence temperature To. 

FIG. 26 is a block diagram illustrating an integrated circuit 
according to example embodiments. 

Referring to FIG. 26, an integrated circuit 1100 includes a 
temperature sensor 500 and an internal circuit 1110. 

The temperature sensor 500 includes temperature con 
trolled oscillators 100 and 200 including on-chip metal resis 
tors RT, so that the temperature sensor 500 can accurately and 
effective generate a digital output signal proportional to the 
temperature. The temperature sensor 500 can have the smaller 
and simpler configuration. The temperature sensor 500 cor 
rects an offset error and a gain error based on a correction 
control signal CCON and/or a reference output signal OREF, 
thereby improving the accuracy and the reliability of a digital 
output signal. The internal circuit 1110 may be driven or 
perform a specific operation based on the output signal from 
the temperature sensor 500. 

FIG. 27 is a block diagram illustrating a System-on-Chip 
including the temperature sensor according to example 
embodiments. 

Referring to FIG. 27, a System-on-Chip (SOC) 1200 may 
include a temperature management unit 1210 and tempera 
ture sensors 1220, 1230, 1240, and 1250. According to 
example embodiments, the SoC 1200 may include an appli 
cation processor (AP), a microprocessor, a central processing 
unit (CPU), an application-specific integrated circuit (ASIC), 
a mobile SoC, a multimedia SoC, a device similar thereto, or 
a system similar thereto. 
The SoC 1200 may include a plurality of sub-blocks 

BLK1, BLK2, BLK3, and BLK4 classified based on the 
intrinsic functions thereof. For example, each of the sub 
blocks BLK1, BLK2, BLK3, and BLK4 may include one of a 
core block including a processor and a memory controller, a 
display control block, a file system block, a graphic process 
ing unit (GPU) block, an image signal processing block, and 
a multi-format CODEC block. Since each of the sub-blocks 
BLK1, BLK2, BLK3, and BLK4 serves as an independent 
heat Source, it may be necessary to not only perform the 
overall temperature management of the SoC 1200, but also 
monitor and control the temperature of each of the sub-blocks 
BLK1, BLK2, BLK3, and BLK4. 

Temperature sensors 1220, 1230, 1240, and 1250 may 
include one of temperature sensors 500a, 500b, 500c, 500d. 
and 500e of FIGS. 16, 18, 20, and 22, respectively. The 
temperature sensors 1220, 1230, 1240, and 1250 include 
on-chip metal resistors R. So that the temperature sensors 
1220, 1230, 1240, and 1250 can have the smaller and simpler 
configuration and can accurately and effectively generate a 
digital output signal proportional to the temperature. In addi 
tion, the temperature sensors 1220, 1230, 1240, and 1250 
correct an offset error and/or a gain error based on the cor 
rection control signal CCON and/or the reference output sig 
nal OREF, thereby improving the accuracy and the reliability 
of the digital output signal. Although FIG. 27 illustrates four 
temperature sensors for the convenience of explanation, the 
number and the arrangement of temperature sensors may be 
variously changed according to the configuration of the SoC 
12OO. 
The temperature management unit 1210 provides tempera 

ture information of the SoC 1200 based on the output signals 
generated from the temperature sensors 1220, 1230, 1240, 
and 1250. The temperature information may be stored in the 
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temperature management unit 1210 and may be provided to a 
processor (not illustrated) in the SoC 1200. The temperature 
management unit 1210 may generate an interrupt signal 
based on the stored temperature information. The processor 
may analyze the temperature distribution of the SoC 1200 
based on the interrupt signal and the provided temperature 
information and may execute an interrupt service routine to 
take a proper action. 

FIG. 28 is a block diagram illustrating a memory system 
including the temperature sensor according to example 
embodiments. 

Referring to FIG. 28, the memory system 1300 includes a 
processor 1310, a system controller 1320, and a memory 
device 1330. The memory system 1300 may include an input 
device 1350, an output device 1360, and a storage device 
1370. 
The memory device 1330 includes a plurality of memory 

module 1334 and a memory controller 1332 to control the 
memory modules 1334. The memory modules 1334 include 
at least one volatile memory or at least one non-volatile 
memory. The memory controller 1332 may be included in the 
system controller 1320. 
The processor 1310 may execute specific computations or 

specific tasks. The processor 1310 may be connected with the 
system controller 1320 through a processor bus. The system 
controller 1320 may be connected with the input device 1350. 
the output device 1360, and the storage device 1370 through 
an expansion bus. Accordingly, the processor 1310 may con 
trol the input device 1350, the output device 1360, or the 
storage device 1370 through the system controller 1320. 
The processor 1310 and the system controller 1320 may 

include temperature sensors 1312 and 1322, respectively. The 
temperature sensors 1312 and 1322 include on-chip metal 
resistors R, so that the temperature sensors 1312 and 1322 
can accurately and effectively generate a digital output signal 
proportional to the temperature in the Smaller and simpler 
configuration. The temperature sensors 1312 and 1322 cor 
rect an offset error and/or again error based on the correction 
control signal CCON and/or the reference output signal 
OREF, thereby improving the accuracy and the reliability of 
the digital output signal. 

FIG. 29 is a block diagram illustrating a display system 
including the temperature sensor according to example 
embodiments. 

Referring to FIG. 29, a display system 1400 includes a 
display panel 1410, a display driver integrated circuit (DDI) 
1420. 
The display panel 1410 includes a plurality of gate lines 

and a plurality of data line pixels, and includes a plurality of 
pixels defined at regions in which each of the gate lines cross 
each of the data lines. The pixels may be arranged in the form 
of a matrix to form a pixel array. The display panel 1410 may 
include an LCD panel, an LED panel, an OLED panel, and an 
FED panel. 
The DDI 1420 controls the driving of the display panel 

1410. The DDI 1420 may include a timing controller 1430, a 
gate driver 1440, and a data driver 1450. 
The timing controller 1430 generates a gate driver control 

signal, a data driver control signal, and data, based on an 
image data signal and a system control signal received from 
an external device such as a GPU. The gate driver 1440 selects 
rows of the pixel array by selectively activating the gate lines 
of the display panel 1410 based on the gate driver control 
signal. The data driver 1450 applies a plurality of driving 
voltages to the data lines of the display panel 1410 based on 
the data driver control signal and the data. The display panel 
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1410 is driven by the operations of the gate driver 1440 and 
the data driver 1450 to display an image corresponding to the 
image data signal. 
The timing controller 1430 may include a temperature 

sensor 1432. The temperature sensor 1432 includes an on 
chip metal resistor R, so that the temperature sensor 1432 
can accurately and effectively generate a digital output signal 
proportional to the temperature in the Smaller and simpler 
configuration. The temperature sensor 1432 corrects an offset 
error and/or again error based on a correction control signal 
CCON and/or a reference output signal OREF, thereby 
improving the accuracy and the reliability of the digital output 
signal. 

FIG. 30 is a block diagram illustrating an image sensor 
including the temperature sensor according to example 
embodiments. 

Referring to FIG.30, an image sensor 1500 includes a pixel 
array 1510 and a signal processing unit 1520. 
The pixel array 1510 generates an electrical signal by con 

verting incident light. The pixel array 1510 may include a 
plurality of unit pixels arranged in the form of a matrix. The 
unit pixels may include color pixels to provide color image 
information and/or distance pixels to provide distance infor 
mation to a subject (not illustrated). When the pixel array 
1510 includes the distance pixels, the image sensor 1500 may 
further include a light source to irradiate light to the subject. 
The signal processing unit 1520 processes the electrical 

signal to generate image data. The signal processing unit 
1520 may include a row driver (RD) 1530, an analogue 
digital converter (ADC) 1540, a digital signal processor 
(DSP) 1550, and a timing controller 1560. 
The RD 1530 may be connected with each row of the pixel 

array 1510 to generate a driving signal to drive the row of the 
pixel array 1510. The ADC 1540 may be connected with each 
column of the pixel array 1510 to convert an analog signal 
pixel array 1510 output from the pixel array 1510 to a digital 
signal. According to example embodiments, the ADC 1540 
may include a correlation double sampling (CDS) unit to 
extract an effective signal component. The CDS unit may 
perform an analogue double sampling operation, a digital 
double sampling operation, and a dual correlation double 
sampling operation including both of the analogue and digital 
double sampling operations. The DSP 1550 may receive the 
digital signal output from the ADC 1540 to perform an image 
data processing operation with respect to the digital signal. 
The timing controller 1560 may apply control signals to the 
RD 1530, the ADC 1540, and the DSP 1550. 
The DSP 1550 and the timing controller 1560 may include 

temperature sensors 1552 and 1562, respectively. The tem 
perature sensors 1552 and 1562 include on-chip metal resis 
tors R, so that the temperature sensors 1552 and 1562 can 
accurately and effectively generate a digital output signal 
proportional to the temperature in the Smaller and simpler 
configuration. The temperature sensors 1552 and 1562 cor 
rect an offset error and/or again error based on a correction 
control signal CCON and/or a reference output signal OREF, 
thereby improving the accuracy and the reliability of the 
digital output signal. 

FIG.31 is a block diagram illustrating an example that the 
temperature sensor according to example embodiments is 
applied to a mobile system. 

Referring to FIG. 31, a mobile system 2100 includes an 
application processor (AP) 2110, a connectivity unit 2120, a 
volatile memory device 2130, a non-volatile memory device 
2140, a user interface 2150, and a power supply 2160. 
According to example embodiments, the mobile system 2100 
may include a predetermined mobile system such as a mobile 
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phone, a Smartphone, a personal digital assistant (PDA), a 
portable multimedia player (PMP), a digital camera, a music 
player, a portable game console, or a navigation system. 
The AP2110 may execute applications to provide an Inter 

net browser, a game, or a moving picture. According to 
example embodiments, the AP 2110 may include a single 
core or multi-cores. For example, the AP 2110 may include 
multi-cores Such as a dual-core, a quad-core, and a hexa-core. 
In addition, according to example embodiments, the AP2110 
may include an internal cache memory or an external cache 
memory. 
The connectivity unit 2120 may make wireless communi 

cation or wired communication with an external device. For 
example, the connectivity unit 2120 may make Ethernet com 
munication, near field Communication (NFC), radio fre 
quency identification; (RFID) communication, mobile tele 
communication, memory card communication, or universal 
serial bus (USB) communication. For example, the connec 
tivity unit 2120 may include a baseband chipset, and may 
support communication such as GSM, GPRS, WCDMA, or 
HSXPA. 
The volatile memory device 2130 may store data processed 

by the AP 2110 or may operate as a working memory. For 
example, the volatile memory device 2130 may be imple 
mented in the form of a dynamic random access memory 
(DRAM), a static random access memory (SRAM), a mobile 
DRAM, a DDR SDRAM, an LPDDR SDRAM, a GDDR 
SDRAM, a RDRAM, or a memory similar thereto. 
The non-volatile memory device 2140 may store a boot 

image used to boot the mobile system 2100. For example, the 
non-volatile memory device 2140 may be implemented in the 
form of an electrically erasable programmable read-only 
memory (EEPROM), a flash memory, a phase change random 
access memory (PRAM), an resistance value random access 
memory (RRAM), a nano-floating gate memory (NFGM), a 
polymer random access memory (PoRAM), a magnetic ran 
dom access memory (MRAM), a ferroelectric random access 
memory (FRAM) or a memory similar thereto. 
The AP 2110, the connectivity unit 2120, the volatile 

memory device 2130, and the non-volatile memory device 
2140 may include the temperature sensors 2112, 2122, 2132, 
and 2142, respectively. The temperature sensors 2112, 2122, 
2132, and 2142 include on-chip metal resistors R, so that the 
temperature sensors 2112, 2122, 2132, and 2142 can have the 
Smaller and simpler configuration and can accurately and 
effectively generate a digital output signal proportional to the 
temperature. In addition, the temperature sensors 2112, 2122, 
2132, and 2142 correct an offset error and/or a gain error 
based on a correction control signal CCON and/or a reference 
output signal OREF, thereby improving the accuracy and the 
reliability of the digital output signal. 
The user interface 2150 may include at least one input 

device Such as a keypad or a touch screen, and/or at least one 
output device Such as a speaker or a display device. The power 
Supply 2160 may supply the operating Voltage of the mobile 
system 2100. In addition, according to example embodi 
ments, the mobile system 2100 may further a camera image 
processor (CIS), and may further include a storage device 
such as a memory card, a solid state drive (SSD), a hard disk 
drive (HDD), or a CD-ROM. 
The mobile system 2100 or the components of the mobile 

system 2100 may be mounted by using various types of 
packages. For example, the mobile system 2100 or the com 
ponents of the mobile system 2100 may be mounted by using 
a package such as package on package (PoP), ball grid arrays 
(BGAS), chip Scale packages (CSPs), plastic leaded chip car 
rier (PLCC), plastic dual in-line package (PDIP), die in waffle 
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pack, die in wafer form, chip on board (COB), ceramic dual 
in-line package (CERDIP), plastic metric quad flat pack 
(MQFP), thin quad flat-pack (TQFP), small outline integrated 
circuit (SOIC), shrink small outline package (SSOP), thin 
small outline package (TSOP), thin quad flat-pack (TQFP), 
system in package (SIP), multi chip package (MCP), wafer 
level fabricated package (WFP), or wafer-level processed 
stack package (WSP). 

FIG. 32 is a block diagram illustrating an example that the 
temperature sensor according to example embodiments is 
applied to a computing system. 

Referring to FIG. 32, a computing system 2200 includes a 
processor 2210, an input/output hub 2220, an input/output 
controller hub 2230, at least one memory module 2240, and a 
graphic card 2250. According to example embodiments, the 
computing system 2200 may be a predetermined computing 
system such as a personal computer (PC), a server computer, 
a workstation, a Laptop, a mobile phone, a Smart phone, a 
personal digital assistant (PDA), a portable multimedia 
player (PMP), a digital camera, a camcorder, a digital televi 
sion (digital TV), a set-top box, a music player, a portable 
game console, or a navigation system. 
The processor 2210 may execute various computing func 

tions such as specific computations or specific tasks. For 
example, the processor 2210 may include a micro-processor 
or a central processing unit (CUP). According to example 
embodiments, the processor 2210 may include a single core 
or a plurality of multi-cores. In addition, according to 
example embodiments, the computing system 2200 may 
include a plurality of processors. Further, according to 
example embodiments, the processor 2210 may further 
include an internal cache memory or an external cache 
memory. 
The processor 2210 may include a memory controller 2211 

to control the operation of the memory module 2240. The 
memory controller 2211 included in the processor 2210 may 
be called an integrated memory controller (IMC). A memory 
interface between the memory controller 2211 and the 
memory module 2240 may be implemented by using one 
channel including a plurality of signal lines or a plurality of 
channels. In addition, each channel may be connected with at 
least one memory module 2240. According to example 
embodiments, the memory controller 2211 may be placed 
inside the input/output hub 2220. The input/output hub 2220 
including the memory controller 2211 may be called a 
memory controller hub (MCH). The memory module 2240 
may include a plurality of Volatile memories or non-volatile 
memories to store data provided from the memory controller 
2211. 
The input/output hub 2220 may manage data transfer 

between devices such as the graphic card 2250 and the pro 
cessor 2210. The input/output hub 2220 may be connected 
with the processor 2210 through various types of interfaces. 
For example, the input/output hub 2220 may be connected 
with the processor 2210 through various standard interfaces 
Such as a front side bus (FSB) a system bus, a hypertransport, 
lightening data transport (LDT), a quick path interconnect 
(QPI), and a common system interface (CSI). According to 
example embodiments, the computing system 2200 may 
include a plurality of input/output hubs. 
The input/output hub 2220 may provide various interfaces 

with devices. For example, the input/output hub 2220 may 
provide interfaces such as an accelerated graphics terminal 
(AGP) interface, a peripheral component interface-express 
(PCIe), and a communication streaming architecture (CSA). 
The graphic card 2250 may be connected with the input/ 

output hub 2220 through the AGP or the PCIe. The graphic 
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card 2250 may control a display device (not illustrated) to 
display an image. The graphic card 2250 may include an 
internal processor and an internal semiconductor memory 
device to process image data. According to example embodi 
ments, the input/output hub 2220 may be provided together 
with the graphic card 2250 placed outside the input/output 
hub 2220, or may be provided therein with a graphic device 
instead of the graphic card 2250. The graphic device included 
in the input/output hub 2220 may be called integrated graph 
ics. In addition, the input/output hub 2220 including the 
memory controller and the graphic device may be graphics 
and memory controller hub (GMCH). 
The input/output controller hub 2230 may perform a data 

buffering operation and an interface arbitration operation so 
that various system interfaces are effectively operated. The 
input/output controller hub 2230 may be connected with the 
input/output hub 2220 through an internal bus. For example, 
the input/output hub 2220 and the input/output controller hub 
2230 may be connected with each other through an direct 
media interface (DMI), a hub interface, an enterprise south 
bridge interface (ESI), or a PCIe. 
The input/output controller hub 2230 may provide various 

interfaces with peripheral devices. For example, the input/ 
output controller hub 2230 may provide a universal serial bus 
(USB) port, a serial advanced technology attachment (SATA) 
port, a general purpose input/output (GPIO), a low pin count 
(LPC) bus, a serial peripheral interface (SPI), a PCI, and a 
PCIe. 
The processor 2210, the input/output hub 2220, the input/ 

output controller hub 2230, and the graphic card 2250 may 
include temperature sensors 2212, 2222, 2232, and 2252, 
respectively. The temperature sensors 2212, 2222, 2232, and 
2252 include on-chip metal resistors R, so that the tempera 
ture sensors 2212, 2222, 2232, and 2252 can have the smaller 
and simpler configuration and can accurately and effectively 
generate a digital output signal proportional to the tempera 
ture. In addition, the temperature sensors 2212, 2222, 2232, 
and 2252 correct an offset error and/or a gain error based on 
a correction control signal CCON and/or a reference output 
signal OREF, thereby improving the accuracy and the reli 
ability of the digital output signal. 

According to example embodiments, the processor 2210. 
the input/output hub 2220, and the input/output controller 
hub 2230 may be separately implemented in an individual 
chip set, or may be implemented in integrated circuits. Alter 
nately, the components of at least two of the processor 2210, 
the input/output hub 2220, and the input/output controller 
hub 2230 may be implemented in one chip set. 

Example embodiments are applicable to a predetermined 
device and a predetermined system including temperature 
controlled oscillators and temperature sensors. For example, 
the example embodiments may be usefully employed to vari 
ous electronic appliances such as a cellular phone, a Smart 
phone, a PDA, a PMP, a digital camera, a camcorder, a PC, a 
server computer, a workstation, a laptop computer, a digital 
TV, a set-top box, a music player, a portable game console, a 
navigation system, a Smart card, and a printer. 
The foregoing is illustrative of example embodiments and 

is not to be construed as limiting thereof. Although a few 
example embodiments have been described, those skilled in 
the art will readily appreciate that many modifications are 
possible in the example embodiments without materially 
departing from the novel teachings and advantages of inven 
tive concepts. Accordingly, all Such modifications are 
intended to be included within the scope of inventive concepts 
as defined in the claims. Therefore, it is to be understood that 
the foregoing is illustrative of various example embodiments 
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and is not to be construed as limited to the specific example 
embodiments disclosed, and that modifications to the dis 
closed example embodiments, as well as other example 
embodiments, are intended to be included within the scope of 
the appended claims. 

What is claimed is: 
1. A temperature controlled oscillator comprising: 
an oscillation unit configured to generate at least one ref 

erence Voltage based on a Supply Voltage and a ground 
Voltage, and to generate an oscillation signal having a 
period varying according to a temperature, the oscilla 
tion unit configured to generate the oscillation signal 
based on a filter voltage and the at least one reference 
Voltage; and 

a filter unit configured to generate the filter Voltage based 
on the oscillation signal, the filter unit including, 
an on-chip metal resistor having a first terminal con 

nected with a first node, the on-chip metal resistor 
having a resistance value that varies according to the 
temperature, 

a capacitor having a first terminal connected with the 
first node, and configured to be charged or discharged 
based on the oscillation signal to supply the filter 
Voltage, and 

an amplification block including a first terminal con 
nected with a second terminal of the capacitor, a sec 
ond terminal connected with the ground Voltage, and 
a third terminal connected with the first node. 

2. The temperature controlled oscillator of claim 1, 
wherein the oscillation unit is configured to increase the 
period of the oscillation signal if the temperature is increased, 
and decrease the period of the oscillation signal if the tem 
perature is decreased. 

3. The temperature controlled oscillator of claim 1, 
wherein the oscillation unit comprises: 

a first resistor connected between the Supply Voltage and a 
second node: 

a second resistor connected between the second node and 
the ground Voltage; 

a comparator including a first input terminal connected 
with the first node, a second input terminal connected 
with the second node, and an output terminal configured 
to output the oscillation signal; and 

a third resistor connected between the second node and the 
output terminal of the comparator, 

wherein a second terminal of the on-chip metal resistor is 
connected with the output terminal of the comparator. 

4. The temperature controlled oscillator of claim 3, 
wherein the oscillation unit is configured to generate a Voltage 
at the second node as a first reference voltage, the first refer 
ence Voltage has one of a first reference level and a second 
reference level lower than the first reference level according 
to a level of the filter voltage, and the oscillation unit is 
configured to activate the oscillation signal if the level of the 
filter voltage is higher than the first reference level or the level 
of the filter voltage is lower than the second reference level. 

5. A temperature controlled oscillator comprising: 
an oscillation unit configured to generate at least one ref 

erence Voltage based on a Supply Voltage and a ground 
Voltage, and to generate an oscillation signal having a 
period varying according to a temperature, the oscilla 
tion unit configured to generate the oscillation signal 
based on a filter voltage and the at least one reference 
Voltage, the oscillation unit including, 
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a reference Voltage generation block configured togen 

erate a first reference Voltage and a second reference 
Voltage in response to the Supply Voltage and the 
ground Voltage, 

an output block configured to generate the oscillation 
signal based on the first reference Voltage, the second 
reference Voltage, the filter Voltage, and a start signal, 
and 

a latch block configured to latch and output the oscilla 
tion signal; and 

a filter unit configured to generate the filter Voltage based 
on the oscillation signal, the filter unit including, 
an on-chip metal resistor having a first terminal con 

nected with a first node, the on-chip metal resistor 
having a resistance value that varies according to the 
temperature, and 

a capacitor having a first terminal connected with the 
first node, the capacitor configured to be charged or 
discharged based on the oscillation signal to Supply 
the filter voltage, 

wherein a second terminal of the on-chip metal resistor is 
connected with an output terminal of the latch block. 

6. The temperature controlled oscillator of claim 5, 
wherein the reference Voltage generation block comprises: 

a first resistor connected between the Supply Voltage and a 
second node: 

a second resistor connected between the second node and a 
third node; and 

a third resistor connected between the third node and the 
ground Voltage, 

wherein a voltage at the second node is the first reference 
voltage, and a voltage at the third node is the second 
reference Voltage. 

7. The temperature controlled oscillator of claim 5, 
wherein the output block comprises: 

a first comparator including a first input terminal config 
ured to receive the first reference Voltage, a second input 
terminal connected with the first node, and an output 
terminal configured to output a first comparative signal; 

a second comparator including a first input terminal con 
nected with the first node, a second input terminal con 
figured to receive the second reference Voltage, and an 
output terminal configured to output a second compara 
tive signal; 

a first NOR gate configured to perform a NOR operation 
with respect to the first comparative signal and the sec 
ond comparative signal; 

an inverter to invert the start signal; and 
a second NOR gate configured to performaNOR operation 

with respect to an output signal from the first NOR gate 
and an output signal from the inverter to generate the 
oscillation signal. 

8. The temperature controlled oscillator of claim 7. 
wherein the oscillation unit activates the oscillation signal ifa 
level of the filter voltage is higher than a level of the first 
reference voltage or lower than a level of the second reference 
Voltage. 

9. The temperature controlled oscillator of claim 5, 
wherein the latch block comprises a flip-flop including a 
clock terminal configured to receive the oscillation signal, an 
output terminal connected with the on-chip metal resistor, 
and a data terminal connected with an inverting output termi 
nal. 

10. A temperature controlled oscillator comprising: 
an oscillation unit configured to generate at least one ref 

erence Voltage based on a Supply Voltage and a ground 
Voltage, and to generate an oscillation signal having a 
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period that varies according to a temperature, the oscil 
lation unit configured to generate the oscillation signal 
based on a filter voltage and the at least one reference 
Voltage; and 

an adjusting unit configured to generate the filter Voltage 
based on the oscillation signal and to adjust the period of 
the oscillation signal based on a correction control signal 
to remove an offset error included in the oscillation 
signal due to a parasitic delay of the oscillation unit. 

11. The temperature controlled oscillator of claim 10, 
wherein the oscillation unit is configured to generate the 
oscillation signal including a first duration having a first 
period and a second duration having a second period longer 
than the first period, alternately repeated, and a number of first 
oscillation pulses for the first duration is equal to a number of 
second oscillation pulses for the second duration. 

12. The temperature controlled oscillator of claim 10, 
wherein the adjusting unit comprises: 

a first on-chip metal resistor connected between a first node 
and a second node, the first on-chip metal resistor having 
a resistance value that varies according to the tempera 
ture; 

a second on-chip metal resistor connected between the 
second node and a third node, the second on-chip metal 
resistor having a resistance value that varies according to 
the temperature; 

a select block configured to electrically connect one of the 
second node and the third node with an output terminal 
of the oscillation unit in response to the correction con 
trol signal; and 

a capacitor having a first terminal connected with the first 
node and configured to be charged or discharged based 
on the oscillation signal and the correction control signal 
to supply the filter Voltage. 

13. The temperature controlled oscillator of claim 12, 
wherein the first on-chip metal resistor and the second on 
chip metal resistor have a same resistance value, and the 
oscillation unit is configured to generate a first period and a 
second period of the oscillation signal based on the same 
resistance value. 

14. The temperature controlled oscillator of claim 10, 
wherein the adjusting unit comprises: 

an on-chip metal resistor having a first terminal connected 
with a first node, the on-chip metal resistor having a 
resistance value that varies according to the temperature; 

a first capacitor having a first terminal connected with the 
first node and configured to be charged or discharged 
based on the oscillation signal to supply the filter volt 
age. 

a second capacitor having a first terminal connected with 
the first node; and 

a select block configured to selectively connect a second 
terminal of the first capacitor with a second terminal of 
the second capacitor in response to the correction con 
trol signal. 

15. The temperature controlled oscillator of claim 14, 
wherein the first capacitor and the second capacitor have a 
same capacitance, and the oscillation unit is configured to 
generate a first period and a second period of the oscillation 
signal based on the same capacitance. 

16. The temperature controlled oscillator of claim 10, 
wherein the adjusting unit comprises: 

a first on-chip metal resistor having a first terminal con 
nected with a first node, the first on-chip metal resistor 
having a resistance value that varies according to the 
temperature; 
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34 
a second on-chip metal resistor connected between the first 

node and a second node, the second on-chip metal resis 
tor and having a resistance value that varies according to 
the temperature; 

a select block configured to electrically connect one of the 
first node and the second node with a third node in 
response to the correction control signal; and 

a capacitor having a first terminal connected with the third 
node and configured to be charged or discharged based 
on the oscillation signal and the correction control signal 
to supply the filter Voltage. 

17. A temperature sensor comprising: 
a temperature controlled oscillator configured to generate 

an oscillation signal having a period that varies accord 
ing to a temperature of the oscillator, and 

an analog-digital conversion circuit configured to generate 
a digital output signal corresponding to the temperature 
based on the oscillation signal and a reference oscilla 
tion signal, 

the temperature controlled oscillator including, 
an oscillation unit configured to generate at least one 

reference Voltage based on a Supply Voltage and a 
ground Voltage, and to generate the oscillation signal 
based on a filter voltage and the at least one reference 
Voltage, and 

a filter unit configured to generate the filter Voltage based 
on the oscillation signal, the filter unit including, 
an on-chip metal resistor having a first terminal con 

nected with a first node, the on-chip metal resistor 
having a resistance value that varies according to 
the temperature, and 

a capacitor having a first terminal connected to the 
first node, and configured to be charged or dis 
charged based on the oscillation signal to Supply 
the filter voltage. 

18. The temperature sensor of claim 17, wherein the ana 
log-digital conversion circuit comprises: 

a local oscillator configured to generate the reference oscil 
lation signal; 

a counter configured to generate a sequentially increasing 
count signal based on the reference oscillation signal; 

a divider configured to generate a division signal by divid 
ing the oscillation signal; and 

a difference unit configured to generate the digital output 
signal by obtaining a count value of the count signal at 
every rising edge or every falling edge of the division 
signal. 

19. The temperature sensor of claim 17, wherein the ana 
log-digital conversion circuit comprises: 

a local oscillator configured to generate the reference oscil 
lation signal; 

a divider configured to generate a division signal by divid 
ing the oscillation signal; 

a counter configured to generate a sequentially increasing 
count signal based on the reference oscillation signal; 
and 

a register configured to generate the digital output signal by 
obtaining a count value of the count signal at every rising 
edge or every falling edge of the division signal. 

20. The temperature sensor of claim 17, wherein the ana 
log-digital conversion circuit comprises: 

a local oscillator configured to generate the reference oscil 
lation signal; 

a divider configured to generate a division signal by divid 
ing the reference oscillation signal; 

a counter configured to generate a sequentially increasing 
count signal based on the oscillation signal; and 
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a register configured to generate the digital output signal by 
obtaining a count value of the count signal at every rising 
edge or every falling edge of the division signal. 

21. A temperature sensor comprising: 
a temperature controlled oscillator to generate an oscilla 

tion signal having a period that varies according to a 
temperature of the oscillator and configured to adjust the 
period of the oscillation signal based on a correction 
control signal; and 

an analog-digital conversion circuit configured to generate 
a first digital output signal corresponding to the tempera 
ture and to generate the correction control signal based 
on the oscillation signal and a reference oscillation sig 
nal, 

the temperature controlled oscillator including, 
an oscillation unit configured to generate at least one 

reference Voltage based on a Supply Voltage and a 
ground Voltage, and to generate the oscillation signal 
based on a filter voltage and the at least one reference 
Voltage, and 

an adjusting unit configured to generate the filter Voltage 
based on the oscillation signal and to adjust the period 
of the oscillation signal based on the correction con 
trol signal to remove an offset error included in the 
oscillation signal due to a parasitic delay of the oscil 
lation unit. 

22. The temperature sensor of claim 21, wherein the ana 
log-digital conversion circuit comprises: 

a local oscillator configured to generate the reference oscil 
lation signal; 

a counter configured to generate a sequentially increasing 
count signal based on the reference oscillation signal; 
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a first divider configured to generate a division signal based 

on the oscillation signal; 
a first difference unit configured to generate a second digi 

tal output signal by obtaining a count value of the count 
signal at every rising edge or every falling edge of the 
division signal; 

a second difference unit configured to generate the first 
digital output signal by obtaining a value of the second 
digital output signal at every rising edge or every falling 
edge of the division signal; and 

a second divider configured to generate the correction con 
trol signal by dividing the division signal. 

23. The temperature sensor of claim 21, further compris 
ing: 

a gain correction circuit configured to remove the offset 
error and again error, the gain correction circuit config 
ured to generate the second digital output signal based 
on the first digital output signal and a reference output 
signal. 

24. The temperature sensor of claim 23, wherein the gain 
correction circuit comprises: 

a first operation unit configured to calculate again correc 
tion value by dividing the reference output signal by the 
first digital output signal; 

a storage unit configured to store the gain correction value; 
and 

a second operation unit configured to generate the second 
digital output signal by multiplying the first digital out 
put signal by the gain correction value. 
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